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(54) SUBSTRATE TREATMENT METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate 
treatment method which can prevent metal impurity ions 
from attaching, without corroding metallic wirings, etc., in 
a substrate surface, and can improve the cleanliness 
level of a substrate by surely removing particle and 
metal impurities which attach to a recess and a step 
part generated in a metal wiring. 

SOLUTION: A substrate 1 is treated in a first process A 
for cleaning with organic alkaline treatment liquid, a 
second process B for cleaning after the first process by 
means of organic acid treatment liquid and a third 
process C for cleaning, after the second process by 
means of ultrasound cleaning fluid oscillated by 
ultrasonic wave. An organic alkaline treatment liquid and 
organic acid treatment liquid are non-reactive to a 
metallic material of a metal wiring of the substrate 1 and 
can improve the cleanliness level of the substrate 1, by 
preventing metal impurity ions from attaching, without 
corroding the metal wrings, etc., of a substrate surface; 
since it contains complexing agent which forms a complex with particles in a metallic material 
and metals included in polishing solution, when the substrate 1 is chemomechanically polished. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A substrate treating method which supplies grinding liquid to a substrate which has the 
metallic wiring in the state where a metallic material was exposed to the surface, performs 
chemical mechanical polishing treatment, and processes said substrate after this chemical 
mechanical polishing treatment, comprising: 
It is nonresponsive organic alkali to said metallic material. 

The 1st process of washing said substrate with organic alkaline treatment liquid containing metal 
contained in particles and said grinding liquid of said metallic material, and a complexing agent 
which forms a complex. 

After said 1st process, it is nonresponsive organic acid to said metallic material. 

Metal contained in particles and said grinding liquid of said metallic material, and a complexing 

agent which forms a complex. 

[Claim 2]The substrate treating method according to claim 1 having the 3rd process of washing 
said substrate with a fluid for ultrasonic cleaning excited ultrasonically after said 2nd process. 
[Claim 3]The substrate treating method according to claim 2, wherein said fluid for ultrasonic 
cleaning is pure water. 

[Claim 4]The substrate treating method according to claim 2 or 3, wherein said 3rd process has 
a process which carries out a high velocity revolution and is dried after a fluid for ultrasonic 
cleaning washes said substrate. 

[Claim 5]Said metallic material is a substrate treating method of any 1 statement among claims 1 
thru/or claims 4 being copper, tungsten, or aluminum. 

[Claim 6]Said organic alkali is a substrate treating method of any 1 statement among claims 1 
thru/or claims 5 being quarternary ammonium salt and/or organic amine. 
[Claim 7]Said quarternary ammonium salt Tetramethylammonium hydroxide (TMAH), The 
substrate treating method according to claim 6 being at least one or more compounds chosen 
from a group which consists of trimethyl 2-hydroxyethyl ammonium hydroxide (TMAH) and 
trimethyl 2-hydroxyethyl ammonium hydroxide (Kolin). 

[Claim 8]The substrate treating method according to claim 6, wherein said organic amine is at 
least one or more compounds chosen from a group which consists of trimethylamine, 
triethanolamine, ethylenediamine, guanidine, and a toluidine. 

[Claim 9]A complexing agent which said organic alkaline treatment liquid contains has an annular 
skeleton in fluoride ion and molecular structure. And it is a substrate treating method of any 1 
statement among claims 1 thru/or claims 8 being at least one or more substances which choose 

an OH radical and/or an O " group which were combined with a carbon atom which constitutes 
this ring from a group which consists of a compound which it has one or more. 
[Claim 10]Said organic alkaline treatment liquid a metal ligand including the 2nd complexing agent 
it has said 2nd complexing agent, A compound which has sulfur or carbon which is a donor atom, 
a compound which has nitrogen which is a donor atom, It is a substrate treating method of any 1 
statement among claims 1 thru/or claims 9 being at least one or more compounds chosen from a 
group which consists of a compound which has a carbonyl group as a compound and a metal 
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coordination group which have a carboxyl group as a metal coordination group. 
[Claim 1 1]Said organic acid is an oxide particle and a complex of said metallic material carboxylic 
acid to form, and said carboxylic acid. It is a substrate treating method of any 1 statement 
among claims 1 thru/or claims 10 being at least one or more compounds chosen from a group 
which consists of oxalic acid, citrate, malic acid, maleic acid, succinic acid, tartaric acid, malonic 
acid, and these salts. 

[Claim 12]A complexing agent which said organic acid nature treating solution contains is a 
substrate treating method of any 1 statement among claims 1 thru/or claims 1 1 being poly 
aminocarboxylic acid and/or ammonium fluoride. 

[Claim 13]Said poly aminocarboxylic acid Ethylenediaminetetraacetic acid (EDTA). Transformer 

1,2-cyclohexanediaminetetraacetic acid (CyDTA), Nitrilotriacetic acid (NTA), 

diethylenetriaminepentaacetic acid (DTPA), The substrate treating method according to claim 12 

being at least one or more compounds chosen from a group which consists of N-(2- 

hydroxyethyl) ethylene diamine N,N',N'-Tori acetic acid (EDTA~OH) and these salts. 

[Claim 14]A substrate treating method which supplies grinding liquid to a substrate which has the 

metallic wiring in the state where a metallic material was exposed to the surface, performs 

chemical mechanical polishing treatment, and processes said substrate after this chemical 

mechanical polishing treatment, comprising: 

It is nonresponsive organic acid to said metallic material. 

The 1st process of washing said substrate with an organic acid nature treating solution 
containing metal contained in particles and said grinding liquid of said metallic material, and a 
complexing agent which forms a complex. 

After said 1st process, it is nonresponsive organic alkali to said metallic material. 

Metal contained in particles and said grinding liquid of said metallic material, and a complexing 

agent which forms a complex. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a substrate treating nnethod. 
[0002] 

[Description of the Prior Art]In recent years, while the miniaturization of electronic equipment 
progresses, multilayering of the wiring accompanying the densification of a semiconductor device 
is progressing, and it is considered as the art which carries out flattening of formation of the 
metallic wiring on a semiconductor substrate, or the interlayer insulation film of multilevel 
interconnection, and chemical and mechanical grinding (henceforth CMP) is used. 
[0003]The mixture of the abrasive soap and chemicals in which CMP is called a slurry. It is the 
art which grinds the interlayer insulation film and metallic material on a semiconductor wafer, and 
carries out flattening of the film by making the semiconductor wafer as a substrate weld by 
pressure to the cloth called a buff, supplying (it is also hereafter called grinding liquid), and 
rotating a semiconductor wafer and/or a buff in this state. 

[0004]On the semiconductor wafer surface as a substrate after being processed by CMP, the 
metaled ion and particles which were used for the metallic wiring on particle, such as used 
abrasive soap (an alumina particle and a silica particle), the metal impurity contained in 
chemicals, and a semiconductor wafer have adhered in large quantities. For example, since metal 
ions, such as copper, are diffused in a semiconductor wafer, reduce insulation resistance and 
have an adverse effect on a semiconductor device, they need to wash the semiconductor wafer 
surface to high cleanliness, and need to remove the ion and particles of particle or a metal 
impurity thoroughly. 
[0005] 

[Problem(s) to be Solved by the Invention]What is called RCA washing is performed as a washing 
disposal method of the substrate after being conventionally processed by CMP. RCA washing 
has the 1st process of removing particle, and the 2nd process of processing the substrate 
processed at the 1st process with acid solutions (DHF (rare fluoric acid) etc.), and removing a 
metal impurity, with an alkali solution (ammonia hydrogen peroxide solution). 
[0006] However, the ammonia used at the 1st process of RCA washing tends to etch metal, and 
has the character in which the ion of the metal impurity contained in a solution adheres to a 
substrate face easily conversely. For example, when copper interconnect is exposed to a 
substrate face as metallic wiring, copper forms ammonia and a complex and is eluted, on a 
copper metallic wiring film, a detailed pit may occur and surface plane accuracy may fall. If the 
ion of a metal impurity adheres in this pit, fully removing will become difficult even if it performs 
washing by an acid solution at the 2nd process. 

[0007]DHF (rare fluoric acid) used at the 2nd process has the strong solvent power over metal, 
and the metallic wiring film etc. which were exposed to the substrate face are easy to be etched. 

[0008]If metallic wiring etc. are formed by CMP on the semiconductor wafer as a substrate as 
shown in drawing 8 , what is called dishing will occur. Dishing is a phenomenon which a hollow 
generates in the center section of the embedded metallic wiring film, and drawing 8 is a sectional 
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view showing typically the state where dishing occurred on the semiconductor wafer as a 
substrate. 

[0009]The metallic wiring exposed to the semiconductor wafer surface as a substrate. The 
interlayer insulation film 53 which consists of a silicon oxide (Si02) film etc. is formed on the 

semiconductor wafer 1 which consists of a silicon (Si) board etc., Via the barrier film 52 which 
consists of titanium (Ti), titanium nitride (TiN), etc., the metallic wiring 51, such as copper (Cu), 
is embedded in the prescribed spot of the interlayer insulation film 53, and it is formed in it. 
Although grinding and removing the unnecessary portions of the metallic wiring 51 and the 
barrier film 52 by CMP in this process is performed, The metallic wiring 51 (for example, copper 
(Cu)) is soft compared with the barrier film 52, since the polishing speed is size, the surface 
center section of the metallic wiring 51 is ground superfluously, a hollow occurs, and the dishing 
55 is formed. 

[0010]And if the dishing 55 is formed, the step 56 will occur in the boundary part of the metallic 
wiring 51 and the barrier film 52, Even if particle, a metal impurity, etc. adsorb in this step 56 and 
the dishing 55 and the 1st process and 2nd process wash, sufficient cleaning effect may not be 
acquired. The barrier film 52 prevents the ion of the metal used for the metallic wiring 51 from 
being spread in the semiconductor wafer 54. 

[001 1]This invention was made in view of the above-mentioned point, and is ****. do not make 
the purpose corrode the metallic wiring etc. which were formed after it was alike and the metallic 
material had been exposed, and. And it is being able to prevent the adhesion of metal impurity 
ion to a substrate face, removing certainly the particle and the metal impurity adhering to the 
hollow produced in metallic wiring, or a step, and providing the substrate treating method which 
the cleanliness of a substrate can improve. 

[0012] 

[Means for Solving the Problem]A substrate treating method of this invention supplies grinding 
liquid to a substrate which has the metallic wiring in the state where a metallic material was 
exposed to the surface, and chemical mechanical polishing treatment is performed. Are a 
substrate treating method which processes said substrate after this chemical mechanical 
polishing treatment, and to said metallic material Nonresponsive organic alkali, The 1st process 
of washing said substrate with organic alkaline treatment liquid containing metal contained in 
particles and said grinding liquid of said metallic material, and a complexing agent which forms a 
complex, It has the 2nd process of washing said substrate with an organic acid nature treating 
solution containing metal contained in nonresponsive organic acid, and particles and said grinding 
liquid of said metallic material to said metallic material after said 1st process, and a complexing 
agent which forms a complex. 

[0013]It has the 3rd process of washing said substrate with a fluid for ultrasonic cleaning excited 

ultrasonically after said 2nd process. 

[0014]Said fluid for ultrasonic cleaning is pure water. 

[0015]Said 3rd process has a process which carries out a high velocity revolution and is dried, 
after washing said substrate with a fluid for ultrasonic cleaning. 
[0016]Said metallic material is copper, tungsten, or aluminum. 
[0017]Said organic alkali is quarternary ammonium salt and/or organic amine. 
[0018]Said quarternary ammonium salt Tetramethylammonium hydroxide (TMAH), They are at 
least one or more compounds chosen from a group which consists of trimethyl 2-hydroxyethyl 
ammonium hydroxide (TMAH) and trimethyl 2-hydroxyethyl ammonium hydroxide (Kolin). 
[0019]Said organic amine is at least one or more compounds chosen from a group which 
consists of trimethylamine, triethanolamine, ethylenediamine, guanidine. and a toluidine. 
[0020]Oomplexing agents which said organic alkaline treatment liquid contains are at least one or 
more substances which choose an OH radical and/or an O ~ group which were combined with a 
carbon atom which has an annular skeleton in fluoride ion and molecular structure, and 
constitutes this ring from a group which consists of a compound which it has one or more. 
[0021]Said organic alkaline treatment liquid a metal ligand including the 2nd complexing agent it 
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has said 2nd complexing agent, They are at least one or more compounds chosen from a group 
which consists of a compound which has sulfur or carbon which is a donor atom, a compound 
which has nitrogen which is a donor atom, a compound which has a carboxyl group as a metal 
coordination group, and a compound which has a carbonyl group as a metal coordination group. 
[0022]Said organic acid is carboxylic acid which forms an oxide particle and a complex of said 
metallic material, and said carboxylic acid is at least one or more compounds chosen from a 
group which consists of oxalic acid, citrate, malic acid, maleic acid, succinic acid, tartaric acid, 
malonic acid, and these salts. 

[0023]Complexing agents which said organic acid nature treating solution contains are poly 
aminocarboxylic acid and/or ammonium fluoride. 

[0024]Said poly aminocarboxylic acid Ethylenediaminetetraacetic acid (EDTA), Transformer 1,2- 
cyclohexanediaminetetraacetic acid (CyDTA), They are at least one or more compounds chosen 
from a group which consists of nitrilotriacetic acid (NTA), diethylenetriaminepentaacetic acid 
(DTPA), N-(2-hydroxyethyl) ethylene diamine N,N',N -Tori acetic acid (EDTA-OH), and these 
salts. 

[0025]A substrate treating method of this invention supplies grinding liquid to a substrate which 
has the metallic wiring in the state where a metallic material was exposed to the surface, and 
chemical mechanical polishing treatment is performed. Are a substrate treating method which 
processes said substrate after this chemical mechanical polishing treatment, and to said metallic 
material Nonresponsive organic acid, The 1st process of washing said substrate with an organic 
acid nature treating solution containing metal contained in particles and said grinding liquid of 
said metallic material, and a complexing agent which forms a complex, It has the 2nd process of 
washing said substrate with organic alkaline treatment liquid containing metal contained in 
nonresponsive organic alkali, and particles and said grinding liquid of said metallic material to said 
metallic material after said 1st process, and a complexing agent which forms a complex. 
[0026] 

[Embodiment of the Invention]Next, an embodiment of the invention is described with reference 
to drawing 1 thru/or drawing 4 . The flow chart and drawing 2 in which the process of the 
substrate treating method according [ drawing 1 ] to this invention is shown, The perspective 
view and drawing 4 in which the substrate cleaning device which uses the figure and drawing 3 in 
which down stream processing of the substrate treating method by this invention is shown with 
the substrate treating method by this invention is shown are the sectional view which looked at 
the ultrasonic cleaner used with the substrate treating method by this invention from the 
transverse plane. 

[0027]As shown in drawing 1 and drawing 2 , the substrate treating method by this invention is 
provided with the following. 

The 1st process A of performing processing by organic alkaline treatment liquid to the substrate 
1. 

The 2nd process B of performing processing by an organic acid nature treating solution to the 
substrate 1 processed at the 1 st process A. 

The 3rd process C of performing ultrasonic cleaning and desiccation to the substrate 1 
processed at the 2nd process B. 

Although various substrates, such as a semiconductor wafer and a glass substrate, are applicable 
as the substrate 1 , The substrate treating method by this invention is suitable for the washing 
processing after chemical-and-mechanical-grinding (CMP) processing of the semiconductor 
wafer which metallic wiring etc. were formed in the substrate face and metallic materials (for 
example, copper (Cu), tungsten (W), aluminum (aluminum), etc.) exposed. 

[0028] First, the 1st process A of the substrate treating method by this invention is explained. 
The 1st process A is a process of removing the particle which washed supplying organic alkaline 
treatment liquid to rear surface both sides of the substrate 1 , and adhered to the surface of the 
substrate 1 . As shown in drawing 3 , the substrate cleaning device 2 used at the 1 st process A is 
provided with the following. 

The rotary brush 3a and the rotary brush 3b of a couple which have been arranged 
corresponding to rear surface both sides of the substrate 1 , respectively. 
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The fluid supply nozzle 9 for washing which supplies the fluid for washing (in this case, organic 
alkaline treatment liquid) to rear surface both sides of the substrate 1 . 
The driving roller 7 and the holding roller 6a thru/or the holding roller 6e as a driving means 
rotated while holding the substrate 1 . 

[0029]The driving roller 6 and the holding roller 6a thru/or the holding roller 6e as a driving 
means which rotates the substrate 1 is provided with the following. 
The roller member 8a attached in the shaft member 8c, respectively. 

The stepped part 8b of the major diameter located in the lower part of this roller member 8a. 
The shaft member 8c is connected with driving force grant means (not shown), such as a motor, 
for example, the driving roller 7 is the direction (.) of arrow R. Or it can rotate reciprocally to the 
opposite direction, and rotation of the holding roller 6a thru/or the holding roller 6e is 
respectively attained to the direction of arrow R, and its opposite direction focusing on the shaft 
member 8c. At least any 1 among the driving roller 7 and the holding roller 6a thru/or the holding 
roller 6e (for example, the holding roller 6a and the holding roller 6e), If the whole is movable in 
the arrow P and the direction of arrow Q, and moves and evacuates in the direction of arrow P 
according to a moving mechanism (not shown) at the time of carrying in of the substrate 1 and 
the substrate 1 is carried in by a substrate transport device (only the claw part 19 is illustrated 
to drawing 4 ), it will move in the direction of arrow Q, and the substrate 1 will be held to a 
position. In this state, the engagement hold of the edge part of the substrate 1 is carried out to 
the driving roller 7 and the holding roller 6a thru/or the holding roller 6e, respectively. 
[0030]The rotary brushes 3a and 3b have extended corresponding to rear surface both sides of 
the substrate 1, the brush section 5b which turns into the shank 5a from PVA (polyvinyl alcohol) 
etc. is covered, and many projected parts 5c are formed in the surface of the brush section 5b. 
When the rotary brushes 3a and 3b are movable to an arrow Z direction respectively and the 
substrate 1 is carried in by a substrate transport device (only the claw part 19 is illustrated to 
drawing 4 ), If the rotary brush 3a and the rotary brush 3b evacuate to the upper part and a lower 
part, respectively and the substrate 1 is held at a position, it will move to an opposite direction 
respectively and rear surface both sides of the substrate 1 will be contacted. The rotary brush 
3a and the rotary brush 3b are connected with drive mechanism (not shown), and have 
composition mutually rotated to an opposite direction (the arrow S and the direction of arrow T). 

[0031]Therefore, if the driving roller 7 is rotated in the direction (or the opposite direction) of 
arrow R by a driving force grant means (not shown), the substrate 1 , It rotates in the direction 
(or that opposite direction) of arrow W, and is a fluid for washing (in this case) from the fluid 
supply nozzle 9 for washing in this state. By dropping organic alkaline treatment liquid and 
rotating the rotary brushes 3a and 3b of each other to an opposite direction (the arrow S and 
the direction of arrow T), rear surface both sides of the substrate 1 contact the projected part 
5c of the rotary brushes 3a and 3b, and are washed. If washing by the fluid for washing (in this 
case, organic alkaline treatment liquid) is completed, pure water will be supplied to rear surface 
both sides of the substrate 1 , and the particle etc. which seceded from the fluid for washing and 
the substrate 1 which remain on the substrate 1 will be washed. 

[0032]If processing of the 1st process A is completed, the substrate 1 will be taken out by a 
substrate transport device (only the claw part 19 is illustrated to drawing 4 ), and will be 
conveyed towards the 2nd process B. Operation of the substrate cleaning device 2 at the time 
of taking out the substrate 1 is operation contrary to the time of carrying in, and basic motion 
omits detailed explanation from the same thing. 

[0033]Next, the organic alkaline treatment liquid used at the 1st process A is explained. After 
the metallic material has been exposed to the surface of the substrate 1, this organic alkaline 
treatment liquid to the formed metallic wiring (for example, copper (Cu), tungsten (W), aluminum 
(aluminum), etc.) Nonresponsive organic alkali, Complexing agents, such as a chelating agent 
which can be caught, are included by using a metal impurity as a stable water soluble complex. 
The organic alkaline treatment liquid by this invention uses organic alkali as the main ingredients, 
hydrogen peroxide and water are contained preferably, and a pH value is an adult thing from 7. 
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The complexing agent added to organic alkaline treatment liquid since the particles of the 
metallic material used for metallic wiring arise by CMP on the substrate 1, It is preferred to 
choose the metal contained in the particles and the used grinding liquid of the metallic material 
formed in the surface of the substrate 1 by exposing and the compound which is easy to form a 
chelate complex. 

[0034]It is preferred to be able to use quarternary ammonium salt and organic amine, such as 
quaternary ammonium hydroxide, and to usually use it as solution one to 30% of the weight as 
organic alkali. Although tetramethylammonium hydroxide (TMAH), trimethyl 2-hydroxyethyl 
ammonium hydroxide (Kolin), etc. are raised as a typical thing as quaternary ammonium 
hydroxide, it is not limited to these. As organic amine, diamine, such as tertiary amines, such as 
trimethylamine and triethanolamine, and ethylenediamine, guanidine, a toluidine, etc. can be used. 
Two or more kinds of such organic alkali may be added. 

[0035]When mixing hydrogen peroxide to organic alkaline treatment liquid, it is usually used as 20 
to 40% of the weight of solution, and it is used so that it may usually become a density range 
whose hydrogen peroxide concentration in all the treating solutions is 0.01 to 30 % of the weight. 
[0036]As complexing agents, such as a chelating agent added to organic alkaline treatment liquid, 

For example, at least one or more substances which choose the OH radical and/or O ~ group 
which were combined with the carbon atom which has an annular skeleton in fluoride ion and 
molecular structure, and constitutes this ring from the group which consists of a compound 
which it has one or more are preferred. 

[0037]When adding fluoride ion to organic alkaline treatment liquid, it may add with what kind of 
gestalt, but it is usually added as the fluoride or ammonium fluoride of organic alkali. The fluoride 
ion concentration in all the treating solutions is 0.15 mol/l. or more, it is 0.20 or more mol/l 
preferably, and maximums are 2.0 mol/l. 

[0038]In adding the organic complexing agent which has the OH radical and/or O " group which 
were combined with the carbon atom which has an annular skeleton in molecular structure in 
organic alkaline treatment liquid, and constitutes this ring one or more, as the total addition in 

organic alkaline treatment liquid — usually — 10"^- although it is preferred to add in 10 ""^-0.1 % 
of the weight preferably 5% of the weight and it is usable in what is shown below, it is not limited 
to in particular these. As an annular skeleton in molecular structure, any of the annular skeleton 
corresponding to an alicyclic compound, aromatic compounds, or a heterocyclic compound may 
be sufficient, and these annular skeletons should just exist in [ one or more ] molecular 
structure. Although an example is illustrated as a compound which has an OH radical, 
corresponding salts, such as the ammonium salt, are also included. □ after a compound name — 
a common name or an abbreviation is shown inside. 

[0039](1) The phenols which have one OH radical, and its derivative phenol, Cresol, ethylphenol, 
t-butylphenol, methoxy phenol, Salicyl alcohol, chlorophenol, an aminophenol, amino cresol, 
Amidol, p-(2-aminoethyl) phenol, salicylic acid, o-salicylanilide, naphthol, naphtholsulfonic acid, 
7-amino-4-hydroxy-2-naphthalene disulfon acid, etc. 

[0040](2) The phenols which have two or more OH radicals, and its derivative catechol, 
Resorcinol, hydroquinone, 4-methylpyrocatechol, 2-methylhydroquinone, Pyrogallol, 1,2,5- 
benzenetriol, 1 ,3,5-benzenetriol, 2-methylphloroglucinol, a 2,4,6-trimethyl phloroglucinol, 1,2,3,5- 
benzenetetraol, benzenehexol, tiron, Aminoresorcinol, 2,4-dihydroxybenzaldehyde, 3,4- 
dihydroxybenzaldehyde, A dihydroxyacetophenone, 3,4-dihydroxybenzoic acid, gallic acid, 2,3,4- 
trihydroxy benzoic acid, 2,4-dihydroxy-6-methylbenzoic acid, Naphthalenediol, naphthalenetriol, 
nitronaphthol, naphthalenetetraol, Binaphthyl diol, 4,5-dihydroxy-2,7-naphthalene disulfon acid, 
1 ,8-dihydroxy-3,6-naphthalene disulfon acid, 1 ,2,3-anthracenetriol, 1 ,3,5-tris(2,3- 
dihydroxybenzoyl) (aminomethyl) benzene [MECAM], 1, 5, 10-tris (2, 3-dihydroxybenzoyl)-1, 5, 
10-TORIAZA decane [3 and 4-LICAM]. 1,5,9-tris (2,3-dihydroxybenzoyl)-1,5,9-cyclo — doria — 
a ZATORI decane [3,3,4-CYCAM]. 1,3,5-tris(2,3-dihydroxybenzoyl) (carbamide) benzene [ 3,3,4-] 
[CYCAM] 1,3,5-tris(2,3-dihydroxybenzoyl) (carbamide) benzene [TRIMCAM], ene TEROBA cutin, 
ENANSHIKUROENTEROBA cutin, etc. 

[0041 ](3) Hydroxybenzophenone dihydroxybenzophenone. 2,3,4-trihydroxy benzophenone, 2,6- 
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dihydroxy-4-nnethoxybenzophenone, 2,2',5,6'-tetrahydroxybenzophenone, 2.3',4,4',6- 
pentahydroxy benzophenone, etc. 

[0042](4) (6) hydroxybiphenyl biphenyltetraol, such as (5) hydroxy anil glyoxal screw (2-hydroxy 
anil), such as hydroxybenzanilide o-hydroxybenzanilide, etc. 

[0043](7) Hydroxyquinone and derivative 2,3-hydroxy-1 ,4-naphthoquinone of those, 5-hydroxy- 
1,4-naphthoquinone, dihydroxyanthraquinone, and 1 ,2-dihydroxy-3-(aminomethyl) anthraquinone 
N,N'-diacetic acid [alizarin comp Lexan], trihydroxy anthraquinone, etc. 
[0044](8) Diphenyl or triphenyl alkane derivative diphenylmethane 2,2'-diol, 4,4\4"- 
triphenylmethane triol, 4,4'-di hydroxy FUKUSON. 4,4'-dihydroxy FUKUSON, 4,4 -dihydroxy-3- 
methyl FUKUSON, pyrocatechol violet [PV], etc. 

[0045](9) Phenol derivative ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA] of 
alkylamine, Phenol derivative 3,3'-ethylene dioxydiphenol of N,N-bis(2-hydroxybenzyl)ethylene 
diamine N,N-diacetic acid [HBED] ethylene diamine dihydroxy methylphenyl acetic acid 
[EDDHMA] (10) alkyi ether, etc. 

[0046](1 1) The phenols which have azo and its derivative 4, 4 'bis(3, 4-dihydroxyphenylazo)-2, 
2'-stilbene-disulfonic-acid 2 ammonium [SUCHIRUBAZO], 2.8-dihydroxy-1-(8-hydroxy-3,6- 
disulfo 1-naphthylazo)-3,6-naphthalene disulfon acid, 0,o -dihydroxyazobenzene, 2-hydroxy-1 - 
(2-hydroxy-5-methyl phenylazo)--4-naphthalene sulfonic acid [calmagite], Chlorohydroxy 
phenylazo naphthol, 1 ',2-dihydroxy-6-nitro 1 ,2'-azonaphthalene-4-sulfonic acid [ERIO chromium 
black T], 2-hydroxy-1"(2-hydroxy-4-sulfo- 1-naphthylazo)-3,6-naphthalene disulfon acid, 5- 
chloro-2-hydroxy-3-(2,4"-dihydroxyphenylazo) benzenesulfonic acid [RUMOGARION], 2 - 
Hydroxy-1-(2-hydroxy-4-sulfo- 1-naphthylazo)-3-naphthalene acid [NN]1 ,8-dihydroxy-2-(4- 
sulfophenylazo)-3,6-naphthalene disulfon acid, 1,8-dihydroxy-2,7-bis(2-sulfophenylazo)-3,6- 
naphthalene disulfon acid, 2 - [3-(2,4-dimethylphenylaminocarboxy)-2-hydroxy-1-naphthylazo] - 
3-hydroxybenzenesulfonic acid, 2 - [3-(2,4-dimethylphenylaminocarboxy)-2-hydroxy-l- 
naphthylazo] Phenol etc. 

[0047](12) The heterocyclic compounds which has an OH radical, and the derivative eight 
quinolinol of those, 2-methyl-eight quinolinol, quinolinediol, 1-(2-pyridinazo)-2--naphthol, 2- 
amino-4,6,7-pteridinetr[ol, a 5,7,3',4 -tetrahydroxyflavone [luteolin], a 3,3 -screw [N.N-bis 
(carboxymethyl)aminomethyl] Fluorescein [calcein] 2,3-hydroxypyridine etc. 

[0048](13) The alicyclic compounds which has an OH radical and the derivative cyclopentanol of 
those, do contest acid, cyclohexanol, cyclohexanediol, a dihydroKISHIJI kino yl, a tropolone, 6- 
isopropyltropolone, etc. 

[0049]The organic complexing agent chosen from the group which consists of the above (1) 
thru/or (13), Although what is necessary is just to add at least one or more kinds in 
consideration of complexing agent cost, the chemical stability in the organic alkaline treatment 
liquid to add, etc., in respect of a metal deposition preventive effect, The phenols which have 
two or more OH radicals, such as a phenol derivative of alkylamine, such as ethylenediamine 
JIORUTO hydroxyphenyl acetic acid [EDDHA], catechol, and tiron, especially, and its derivative 
are excellent. 

[0050]If the 2nd complexing agent that has a metal ligand other than the organic complexing 
agent chosen from the group which consists of the above (1) thru/or (13) is added, a metal 
deposition preventive effect improves and it is more suitable. Although the compound added as 
the 2nd complexing agent below is illustrated, it is not limited to in particular these. In the 
following explanation, the donor atom refers to the atom which can supply an electron required 
for a coordinate bond with metal. 

[0051][A] As a complexing agent coordination group which has sulfur which is a complexing 
agent (14) donor atom which has sulfur or carbon which is a donor atom, Formula HS ~ , S^~, 
^2^3^" • ^ whether it has at least 1 of the basis shown by RS " , R-COS " , R-CSS " or OSg^", 
and ] Or there are some which are chosen from the thiol, the sulfide, or thiocarbonyl compounds 
shown by RSH, R ^S, or R2C=S. R expresses an alkyI group here, and R' can express an alkyI 

group or an alkenyl group, and can also form the ring which connects still more nearly mutually 
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and contains a sulfur atom. As what has a HS group or S group, specifically Hydrogen sulfide 
or its salt, Or sulfides, such as ammonium sulfide; As what shall have an ^20^^' group and has 

thiosulfuric acid, its salt;RSH, or an RS " group, a thiol, As what has low-grade alkyi thiols, such 

as ethanethiol and 1-propanethiol, or a salt;R-COS ~ group of those, thiacetic acid, Dithiooxalic 
acid or its salt; as what has a basis which has ethane JIBISU (dithioic acid), dithioacetic acid, or 

its saltCS^ group as what has a R-CSS group, Tori thiocarbonic acid or its salt; as a sulfide 

shown by R'2S, Propanethione, 2,4-pentanedithione, etc. are raised as thiocarbonyl compounds 

shown by;R2C=S bases, such as a methyl sulfide, methylthio ethane, a diethyl sulfide, vinyl 

sulfide, and benzothiophene. 

[0052](15) As a complexing agent coordination group which has carbon which is a donor atom, 
there are some which have NO ~ , RNC, and ROC ~ . For example, isocyanides, such as cyanide, 
such as hydrogen cyanide and cyanidation ammonium, and ethyl isocyanide, allylene, metal 
acetylide, etc. 

[0053] [B] As a complexing agent which has nitrogen which is a donor atom, there are following 
(16) thru/or (29). 

(16) Monoamine ethylamine, isopropylamine, vinyl amine, Diethylamine, dipropyl amine, N- 
methylethyl amine, triethylamine, Benzylamine, aniline, a toluidine, ethylaniline, a xylidine, 
CHIMIRU amine, 2,4,6-tri methyl aniline, diphenylamine, N-methyldiphenylamine, biphenylylamine, 
benzidine, a chloroaniline, nitrosoaniline, aminobenzenesulfonic acid, aminobenzoic acid, etc. 
[0054](1 7) Diamine and polyamine ethylenediamine, propylenediamine, Trimethylene diamine, 
hexamethylenediamine, diethylenetriamine, diaminobenzene, toluenediamine, N- 
methylphenylenediamine, triamino benzene, aminodiphenylamine, diamine phenylamine, etc. 
[0055](18) Amino alcohol ethanolamine, 2-amino-1-butanol, 2-amino-2-methyl-1-propanol, 2- 
amino-2-ethyl-1,3-propanediol, 2~(ethylamino) ethanol, 2,2'-imino diethanol, 
dimethylethanolamine, diethylethanolamine, ethyldiethanolamine, a 3-diethylamino 1,2- 
propanediol, triethanolamine, etc. 

[0056](19) An aminophenols aminophenol, p-aminophenol sulfate, phenol (methylamino), 

aminoresorcinol, etc. 

[0057](20) An amino acid glycine, glycine ethyl ester, a sarcosine. An alanine, aminobutyric acid, 
a norvaline, valine, isovaline, a norleucine, Leucine, isoleucine, serine, L-threonine, cystein, 
cystine. Methionine, ornithine, ricin, arginine, citrulline, aspartic acid, Asparagine, glutamic acid, 
glutamine, beta-hydroxyglutamic acid, N-acetylglycine, a glycylglycine, a jig lysyl glycine, 
phenylalanine, tyrosine, L-thyroxine, N-phenylglycine, N-benzoylglycine, etc. 
[0058](21) Iminocarboxylic acid iminodiacetic acid, nitrilotriacetic acid, nitrilo 3 propionic acid, 
Ethylenediamine diacetic acid [EDDA], ethylenediaminetetraacetic acid [EDTA], Hydroxyethyl 
ethylenediaminetetraacetic acid [EDTA-OH] transformer 1 ,2-diaminocyclohexane 4 acetic acid 
[CyDTA], Dihydroxyethyl glycine [DHGE] diaminopropanol 4 acetic acid [DPTA-OH], 
Diethylenetriamine pentaacetic acid [DTPA] ethylenediamine 2 propione diacetic acid [EDDP], 
Glycol etherdiamine 4 acetic-acid [GEDTA] 1,6-hexamethylenediamine 4 acetic acid [HDTA], 
Hydroxy ethylimino diacetic acid [HIDA], methyl EDTA (diaminopropane 4 acetic acid), 
triethylenetetramine 6 acetic-acid [TTHA] 3,3'-dimethoxybenzidine N,N,N',N'-4 acetic acid, etc. 
[0059](22) An imino ethylene diamine phosphonate N,N -screw (methylene phosphonic acid) 
[EDDPO], Ethylenediamine tetrakis (methylene phosphonic acid) [EDTPO], nitrilotris (methylene 
phosphonic acid) [NTPO], diethylenetriamine penta (methylene phosphonic acid) [ETTPO], 
propylenediamine tetra (methylene phosphonic acid) [PDTMP], etc. 

[0060](23) Heterocyclic amine pyridine, conyrine, a lutidine, picoline, 3-pillage Norian, isonicotinic 
acid, picolinic acid, acetylpyridine, Nitropyridine, 4-pyridone, a bipyridyl, 2 and 4, 6-tris (2- 
pyridyl)-1,3,5-triazine [TPTZ], 3~(2-pyridyI)-5,6-bis(4-sulfonyl)-1 ,2,4-triazine [PDTS], Pyridines, 
such as syn-phenyl-2-pyridyl ketoxime [PPKS], Quinoline, quinaldine, a lepidine, 
dimethylquinoline, an eight quinolinol, 2-methyl-eight-quinolinol, methoxy quinoline, and 
chloroquinoline, Quinolinediol, qunaldinic acid, quininic acid, a nitroquinoline, KINURIN, Quinoline, 
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such as kynurenic acid. 8-acetoxyquinoline, and bicinchoninic acid. Isoquinolines, an acridine, 9- 
acridone, phenanthridine, Naphthoquinoline, such as benzoquinolines, such as benzoquinoline and 
a benzoisoquinoline, and naphthoquinoline. 0-phenanthrolin, a 2,9-dimethyl- 1,10-phenanthroline, 
bathocuproine, bathocuproine sulfonic acid, bathophenanthroline, bathophenanthroline sulfonic 
acid, Phenanthrolines, such as a 2,9-dimethyl- 4,7-diphenyl-1 ,10-phenanthroline. Imidazole 
derivatives, such as pyrazoles, such as a pyrazole and 5-PIRAROZON, imidazole, and 
methylimidazole, Imidazoline and imidazolidine, such as 2-imidazoline, imidazolidine, and 
ethyleneurea, Benzimidazoles, such as benzimidazole, Giadinh, pyrimidine, 

Hydronaliumpyrimidines, such as Giadinh, such as pyrazine, uracil, and thymine. Benzodiazine and 
dibenzo Giadinh, such as piperazines, such as a piperazine, cinnoline, and phenazine, Triazine, 
puddings, oxazol, 4-oxazolone, an isoxazole, OKIZAZORU, such as azo KISHIMU, and isoxazoles, 
4H-1 ,4-oxazine, Oxazine, such as morpholine, a thiazole and benzothiazoles, isothiazole, thiazine, 
pyrrole, pyrroline and pyrrolidines, Indore, indoline, isoindole, carbazoles, indigo, and porphyrins 
[0061 ](24) Amide and imidocarbamic acid, carbamide acid ammonium, Oxamic acid, oxamic acid 
ethyl, N-nitroethyl carbamate, Phenyl isocyanate acid, carba NIRONI tolyl, oxa nil acid, a 
formamide, Diacetoamide, hexanamide, acrylamide, lactic acid amide, cyanoacetamide, an 
oxamide, succinamide, salicylamide, nitrobenzamide, a succinimide, maleimide, phthalic imide, etc. 
[0062](25) Anilides formanilide, an acetanilide, a hydroxyanilide, a chloroanilide, a methoxy 
acetanilide, oxanilide, etc. 

[0063](26) Urea, thiourea and its derivative urea, N-methylurea, N,N'~ethylideneurea, allophanic 
acid, Glico Lulu acid, oxaluric acid, biuret, N-nitrourea, AZOJI carvone amide, thiourea, 
methylthio urea, dimethylthiourea, etc. 

(27) Oxime formaldoxime, p-benzoquinone dioxime, benzaldoxime, benzildioxime, etc. 
[0064](28) As hydrazine and hydrazide, such as thing azobenzene, azotoluene. Methyl Red, 
azobenzene dicarboxylic acid, hydroxyazobenzene, azoxybenzene, etc. which have the 
coordination group which nitrogen combined, Phenylhydrazine, p-bromophenylhydrazine, p- 
nitrophenylhydrazine, Azo and azoxy compounds, such as N' and - phenyl acetohydrazide, 
Hydrazo compounds, such as a hydrazobenzene and hydrazo 2 benzoic acid, an oxalic screw 
(SARISHIRIDEN hydrazide), SARISHIRU aldehyde (2-carboxyphenyl) hydrazone, benzaldehyde 
hydrazone, Azines, such as hydrazone, such as an acetaldehyde phenylhydrazone. and a 
benzylieneazine. Thiosemicarbazides, such as semicarbazides, such as diazo compounds, such as 
diazonium salt, such as azides, such as benzoylazide, and benzenediazoniumchloride, and 
benzenediazohydroxide, and a semicarbazide, and thiosemicarbazide 

[0065](29) In addition, nitril, such as azides, such as azidation ammonium and sodium azide, and 
acetonitrile, amidosulfuric acid, imide disulfuric acid, nitride 3 sulfuric acid, thiocyanic acid, 
ammonium thiocyanate, etc. 

[0066] [0] The complexing agent which has a carboxyl group as a metal coordination group has 
following (30) thru/or (33). 

(30) Monocarboxylic acid formic acid, acetic acid, propionic acid, butanoic acid, isobutyric acid, A 
valeric acid, decanoic acid, undecanoic acid, dodecanoic acid, stearic acid, acrylic acid, crotonic 
acid, oleic acid, monochloroacetic acid, dichloroacetic acid, trichloroacetic acid, fluoroacetic acid, 
benzoic acid, methylbenzoic acid, chlorobenzoic acid, nitrobenzoic acid, sulfocarboxylic acid, 
phenylacetic acid, etc. 

[0067](31) Polycarboxylic acid oxalic acid, malonic acid, succinic acid, maleic acid, fumaric acid, 
1 ,2,3-propane tricarboxylic acid, chlorosuccinic acid, phthalic acid, 1 ,3,5-benzene tricarboxylic 
acid, dichlorophthalic acid, nitrophthalic acid, phenylsuccinic acid, etc. 

[0068](32) As what has one four or less-hydroxyl group hydroxymonocarboxylic acid hydroxyl 
group. As what has two hydroxyl groups, such as glycolic acid, lactic acid, 2-hydroxybutyric acid, 
hydracrylic acid, hydroxybenzoic acid, salicylic acid, and sulfosalicylic acid, It is gallic acid etc. as 
what has three hydroxyl groups, such as glyceric acid, an 8,9-dihydroxystearic acid, 2,4- 
dihydroxybenzoic acid, and protocatechuic acid. 

[0069](33) As what has one four or less-hydroxyl group hydroxydicarboxylic acid hydroxyl group, 
It is tetra hydroxysuccinic acid etc. as what has four hydroxyl groups, such as tartaric acid and 
3,4-dihydroxyphthalic acid, as what has two hydroxyl groups, such as tartronic acid, malic acid, 
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2-hydroxybutane diacetic acid, 2-hydroxydodecane diacetic acid, and hydroxyphthalic acid. 
[0070][D] There are following (34) thru/or (41) as a complexing agent which has a carbonyl group 
as a metal coordination group. 

(34) Aliphatic aldehyde formaldehyde, acetaldehyde, Propionaldehyde, isobutyraldehyde, an 
acrylaldehyde, A crotonaldehyde, chloroacetaldehyde, dichloroacetaldehyde, butyl trichloroacetic 
aldehyde, hydroxyacetaldehyde, lactaldehyde, D-glyceraldehyde, formal, an acetal, a 
dichloroacetal, etc. 

[0071](35) Aliphatic series ketone acetone, ethyl methyl ketone, 2-methylpentanone, 3- 
pentanone, 3-methyl-2-butanone, 4-methyl-2-pentanone, Pinacolin, 2-heptanone, 3-heptanone, 
4-heptanone. 6-methylheptanone, Diisobutyl ketone, di-tert-butyl ketone, dihexyl ketone, a 
methyl vinyl ketone, allylacetone, 1-chloro-2-propanone, 1,1-dichloro-2-propanone, 
hydroxyacetone, dihydroxyacetone, etc. 

[0072](36) JI and polyaldehyde, such as a poly oxo compound glyoxal, malonaldehyde, and 
succinic aldehyde, Keto aldehyde, such as JI, such as diacetyl, an acetylacetone, and 
acetonylacetone, and polyketone, pyruvic aldehyde, and 4-oxo pentanal 
[0073](37) Ketene ketene, dimethylketene, etc. 

(38) Ketocarboxylic acid and aldehyde carboxylic acid 4A4-trifluoro-1-phenyl-1,3-butanedione, 
2,2,6,6-tetramethyl 3,5-heptane dione, pyruvic acid, malonaldehydic acid, acetoacetic acid, 
glyoxylic acid, a mesoxalic acid, oxaloacetic acid, oxaloglutaric acid, etc. 
[0074](39) Aromatic aldehyde and aromatic ketone benzaldehyde, Torr aldehyde, 
phenylacetaldehyde, a cinnamaldehyde, terephthalaldehyde, PUROTO catechu aldehyde, an 
acetophenone, methylacetophenone, benzophenone, chloroacetophenone, 
dihydroxybenzophenone, a phenylglyoxal, etc. 

[0075](40) Quinone o-benzoquinone, p-benzoquinone, a naphthoquinone, a quinhydrone, 2,6- 
dichloro-p-benzoquinone, 2,5-dihydroxy-p-benzoquinone, tetrahydroxy-p-benzoquinone, 2,3- 
hydroxy-1,4-naphthoquinone, etc. 

(41) A tropolones tropolone, 6-isopropyltropolone, etc. 

[0076]The organic alkaline treatment liquid used at the 1st process A, There is no corrosiveness 
over metal (for example, copper (Cu), tungsten (W), aluminum (aluminum), etc.), And from 
complexing agents, such as a chelating agent which can be caught, being included by using a 
metal impurity as a stable water soluble complex, the surface of the substrate 1 — a metallic 
material (for example, copper (Cu) and tungsten (W).) A high cleaning effect is done so to the 
particle which prevented metal impurity ion from not damaging the surface of the metallic wiring 
formed after aluminum (aluminum) etc. had been exposed, and adhering to the surface of the 
substrate 1 , and adhered to the substrate face. Although the complexing agent and the 2nd 
complexing agent which the organic alkaline treatment liquid by this invention contains act 
effectively to metaled particles and ion and form a complex, they cannot form a complex easily 
to the metallic wiring on the substrate 1 which is carrying out the metallic bond firmly itself, and 
do not have corrosiveness, 

[0077]Next, the 2nd process B of the substrate treating method by this invention is explained. 
As shown in drawing 1 and drawing 2 , the 2nd process B is a process of removing the metal 
impurity which washed supplying an organic acid nature treating solution to rear surface both 
sides of the substrate 1 , and adhered to the surface of the substrate 1 . The 2nd process B 
differs only in the fluid for washing (in this case, organic acid nature treating solution) used with 
the 1st process A, and since it is the same about the composition and operation of the substrate 
cleaning device 2 which are used at the 2nd process B, it omits the detailed explanation about 
this. 

[0078]The substrate 1 processed at the 1st process A is carried in to the substrate cleaning 
device 2 of the 2nd process B by a substrate transport device (only the claw part 19 is 
illustrated to drawing 4 ). If the substrate 1 is held at the position of the substrate cleaning 
device 2, the fluid for washing (in this case, organic acid nature treating solution) will be dropped 
from the fluid supply nozzle 9 for washing, and contact of the projected part 5c of the rotary 
brushes 3a and 3b will wash rear surface both sides of the substrate 1. If washing by the fluid for 
washing (in this case, organic acid nature treating solution) is completed, pure water will be 
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supplied to rear surface both sides of the substrate 1, and the metal impurity etc. which seceded 
from the fluid for washing and the substrate 1 which remain on the substrate 1 will be washed. 
And if processing of the 2nd process B is completed, the substrate 1 will be taken out by a 
substrate transport device (only the claw part 19 is illustrated to drawing 4 ), and will be 
conveyed towards the 3rd process C. 

[0079]After metallic materials (for example, copper (Cu), tungsten (W), aluminum (aluminum), 
etc.) have been exposed to the surface of the substrate 1, the organic acid nature treating 
solution used at the 2nd process B to the formed metallic wiring Nonresponsive organic acid, 
Complexing agents, such as a chelating agent which can be caught, are included by using a metal 
impurity as a stable water soluble complex. The organic acid nature treating solution by this 
invention uses organic acid as the main ingredients, and a pH value is a thing of smallness from 
7. 

[0080]It is preferred that they are at least one or more compounds chosen from the group which 
can use carboxylic acid and consists of oxalic acid, citrate, malic acid, maleic acid, succinic acid, 
tartaric acid, malonic acid, and these salts as organic acid. On the substrate 1, the particles of 
the metallic material used for metallic wiring may oxidize, and a metallic oxide particle may occur 
by CMP, and organic acid, It is preferred to choose the compound which is easy to form the 
oxide particle and chelate complex of the metallic material formed in the surface of the 
substrate 1 by exposing, For example, when copper metallic wiring is exposed to the surface of 
the substrate 1, copper acid ghost particles (CuO^) and oxalic acid with a high effect which 

forms a chelate complex are preferred. Carboxylic acid cannot form a complex easily to the 
metallic wiring itself which is carrying out the metallic bond firmly, and it does not have 
corrosiveness. The barrier films 52 (titanium (Ti), titanium nitride (TiN), etc.) formed in the 
substrate 1 do not form these carboxylic acid and complexes, and are not corroded. As for 
carboxylic acid, it is preferred to use it as 0.01 to 5% of the weight of solution. 
[0081] As complexing agents, such as a chelating agent added to an organic acid nature treating 
solution, The metal impurity which remains as particles or ion on the substrate 1 after being 
processed by CMP. (for example, the poly aminocarboxylic acid and ammonium fluoride which are 
easy to form the potassium (K), calcium (Ca), titanium (Ti) and copper (Cu) originating in the 
formation thing on the used grinding liquid or the substrate 1, zinc (Zn)) etc., and a complex are 
preferred. As poly aminocarboxylic acid, ethylenediaminetetraacetic acid (EDTA), Transformer 
1,2-cyclohexanediaminetetraacetic acid (CyDTA). Nitrilotriacetic acid (NTA), 
diethylenetriaminepentaacetic acid (DTPA), Compounds, such as N-(2-hydroxyethyl) ethylene 
diamine N,N',N'-Tori acetic acid (EDTA-OH), and the salt of those are preferred, and the salt 
which does not contain metal, such as ammonium salt which does not have an adverse effect on 
the characteristic of a semiconductor in particular, is preferred. 1-10000 ppm of concentration 
of a complexing agent shall be 10-1000 ppm more preferably to an organic acid nature treating 
solution. 

[0082]the organic acid nature treating solution used at the 2nd process B — metal (for example, 
copper (Cu).) There is no corrosiveness over tungsten (W), aluminum (aluminum), etc., And since 
complexing agents, such as a chelating agent which can be caught, are included by using a metal 
impurity as a stable water soluble complex, a high cleaning effect is done so to the metal 
impurity which did not corrode the surface of the metallic wiring formed in the surface of the 
substrate 1 after the metallic material had been exposed, and adhered to the surface of the 
substrate 1 . Although the complexing agent which the organic acid nature treating solution by 
this invention contains acts effectively to metaled particles and ion and forms a complex, it 
cannot form a complex easily to the metallic wiring on the substrate 1 which is carrying out the 
metallic bond firmly itself, and does not have corrosiveness. 

[0083]Although it is a gestalt which performs processing by the organic alkaline treatment liquid 
of the 1st process A to the beginning, next performs processing by the organic acid nature 
treating solution of the 2nd process B in this embodiment, it does not necessarily limit to 
processing in this order. That is, the 1st process A and the 2nd process B may be gestalten 
which are reversible, and process the substrate 1 with an organic acid nature treating solution 
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first, next perform processing by organic alkaline treatment liquid, organic alkaline treatment 
liquid according [ this ] to this invention — metal (for example, copper (Cu),) There is no 
corrosiveness over tungsten (W). aluminum (aluminum), etc., And since complexing agents, such 
as a chelating agent which can be caught, are included by using a metal impurity as a stable 
water soluble complex, it is based on that a pit does not occur in the metallic wiring formed in 
the surface of the substrate 1 , and there is no adhesion of metal impurity ion to the surface of 
the substrate 1 . Therefore, the substrate treating method by this invention has the high flexibility 
of setting out of down stream processing of a substrate. 

[0084]Next, the 3rd process C of the substrate treating method by this invention is explained. By 
the 3rd process's C finishing rear surface both sides of the substrate 1 processed at the 2nd 
process B with an ultrasonic wave, and washing them, after that, are the process of performing 
desiccation and the substrate 1 processed at the 2nd process B, As shown in drawing 4 , one 
sheet is grasped at a time by the claw part 19 of a substrate transport device, and it is carried in 
to the ultrasonic cleaner 12 of the 3rd process C by it. The ultrasonic cleaner 12 used at the 3rd 
process C of the substrate treating method by this invention is provided with the following. 
The holding stand 13 which carries out fixed holding of the substrate 1. 

Two or more needlelike hold pins 13b which are provided on the holding stand 13 and support 
the substrate 1 . 

The hook shape chuck member 1 4 which engages with the edge part of the substrate 1 . 
The fluid injection nozzle 17 for washing (ultrasonic nozzle) which excites the fluid for ultrasonic 
cleaning (in this case, pure water) with an ultrasonic wave, and is supplied to the substrate 1. 
The fixing means of the substrate 1 is constituted by the holding stand 13. the hold pins 13b. and 
the chuck member 14. 

[0085]It is formed disc-like, an edge part is formed more highly at least than the surface of the 
substrate 1, and the holding stand 13 has become the heights 13a which prevent scattering of 
the fluid for ultrasonic cleaning (in this case, pure water). The discharge duct 23 which 
discharges the fluid for ultrasonic cleaning under washing or after washing is formed in the inner 
circumference side of these heights 13a. What is necessary is according to this embodiment, just 
to form at least one or more discharge ducts 23. although the discharge duct 23 is formed in two 
places. 

[0086]The hold pins 1 3b consisted of a needlelike member, and have prevented the 
contamination by the side of the rear face of the substrate 1 in support of the rear face of the 
substrate 1 by one point respectively, for example, are allocated in four places (two places are 
illustrated in drawing 4 ) at equal intervals. The chuck member 14 is allocated in four places (two 
places are illustrated in drawing 4 ) at equal intervals in accordance with the circumference of the 
substrate 1. The chuck member 14 can be opened and closed with an opening-and-closing 
mechanism (not shown) to the position shown as a solid line from the position shown by 2 point 
lead lines. It will close, if the substrate 1 is received from the upper part by an opened state 
(position of 2 point lead lines) and the substrate 1 is laid on the hold pins 13b, and the 
engagement hold of the periphery end of the substrate (position of a solid line) 1 is carried out, 
and it fixes. Therefore, the substrate 1 processed by the 2nd down stream processing B of the 
preceding paragraph in this state is fixed by the holding stand 13, the hold pins 13b, and the 
chuck member 14. What is necessary is just to form the hold pins 13b and at least three or more 
chuck members 14. 

[0087]The shaft member 15 is connected with the back side central part of the holding stand 13 
by the end side, the other end of the shaft member 15 is connected with the rotational driving 
means (not shown) — the shaft member 15 — a rotational driving means — reciprocal rotation - 
- being possible (it rotates for example, in the direction of arrow V) — it has become. The fluid 
supply way 24a for washing which supplies the fluid for ultrasonic cleaning (in this case, pure 
water) towards the rear face of the substrate 1 is formed in the center of rotation of the shaft 
member 15, the central part of the holding stand 13 is penetrated to it, and the fluid rocket 
engine jets 24b for washing for rear faces are allocated in it. The number of rotations of the 
shaft member 15 is set, for example as 1800 - 2000r.p.m (RIBORYUSHOMPAMINITTSU), and a 
high velocity revolution is possible for the holding stand 13 in the direction (or the opposite 
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direction) of arrow V. 

[0088]The fluid injection nozzle 1 7 for washing (ultrasonic nozzle), If it has the ultrasonic vibrator 
(not shown) etc. which were connected to the oscillator and the fluid for ultrasonic cleaning (in 
this case, pure water) is supplied to an inside, this oscillator and ultrasonic vibrator will drive on 
predetermined frequency, will excite the fluid for ultrasonic cleaning (in this case, pure water), 
and will inject towards the substrate 1. The fluid injection nozzle 17 for washing (ultrasonic 
nozzle), If it is movable in the arrow F and the direction of arrow G and the fluid injection nozzle 
17 for washing (ultrasonic nozzle) is moved to them according to a moving mechanism (not 
shown), the fluid for ultrasonic cleaning excited by supersonic vibration can be turned to the 
whole surface of the substrate 1 , and can be injected uniformly. As drive frequency of an 
ultrasonic vibrator (not shown), it is usable in the frequency of not less than 500 kHz, and has 
become a device corresponding to high megasonic one megasonic drive frequency is 950 kHz by 
this embodiment. 

[0089]Therefore, the holding stand 13 with which the substrate 1 was fixed is rotated in the 
direction (or the opposite direction) of arrow V by a rotational driving means (not shown), If said 
oscillator and an ultrasonic vibrator (not shown) are driven while supplying the fluid for ultrasonic 
cleaning (in this case, pure water) to the fluid injection nozzle 17 for washing (ultrasonic nozzle), 
precision cleaning of the surface of the substrate 1 can be carried out with the fluid for 
ultrasonic cleaning excited ultrasonically. If the fluid for ultrasonic cleaning is injected at this 
time, moving the fluid injection nozzle 1 7 for washing (ultrasonic nozzle) in the direction of arrow 
F, the entire surface of the substrate 1 can be washed uniformly. The powerful ultrasonic wave 
irradiated to the surface of the substrate 1, Since it spreads also at the rear face of the 
substrate 1, if the fluid for ultrasonic cleaning (in this case, pure water) is supplied to the rear 
face of the substrate 1 via the fluid supply way 24a for washing, and the fluid rocket engine jets 
24b for washing for rear faces, it is possible to clean rear surface both sides of the substrate 1 
ultrasonically simultaneously. 

[0090] By this ultrasonic cleaning, particle, a metal impurity, etc. which adsorbed in the dishing 55 
generated in the metallic wiring 51 on the substrates 1, such as a semiconductor wafer, or the 
step 56 (refer to drawing 8 ) can be washed certainly, precision cleaning of rear surface both 
sides of the substrate 1 can be carried out, and cleanliness can be improved. If washing by the 
fluid for ultrasonic cleaning (in this case, pure water) excited by the ultrasonic wave is 
completed. Where rotation of the holding stand 13 is maintained, pure water is supplied to rear 
surface both sides of the substrate 1, and the particle which seceded from the fluid for 
ultrasonic cleaning and the substrate 1 which remain on the substrate 1 , a metal impurity, etc. 
are washed. Although it is that from which a high cleaning effect is acquired by exciting the fluid 
for ultrasonic cleaning (in this case, pure water) ultrasonically, and injecting it in this 
embodiment, it may be made the gestalt which pressurized and injects fluids for washing, such as 
pure water, from the fluid injection nozzle 17 for washing. 

[0091]And if washing to rear surface both sides of the substrate 1 is completed, supply of pure 
water will be suspended, carrying out predetermined time rotation of the holding stand 13 is 
continued, the pure water which remained in rear surface both sides of the substrate 1 will be 
dispersed with the centrifugal force by a high velocity revolution, and it will dry. If dry nitrogen 
(N2) gas etc. are sprayed to rear surface both sides of the substrate 1 at this time as shown in 

drawing 2 . It is possible to aim at antioxidizing of metallic wiring (for example, copper (Cu), 
tungsten (W). aluminum (aluminum), etc.) and shortening of drying time which were formed in the 

surface of the substrate 1 , and it is suitable. 

[0092]If processing of the 3rd process C is completed, the substrate 1 will be taken out by the 
claw part 1 9 of a substrate transport device, and will be conveyed towards a latter process. 
Operation of the ultrasonic cleaner 12 at the time of taking out the substrate 1 is operation 
contrary to the time of carrying in, and basic motion omits detailed explanation from the same 
thing. 

[0093]Next, the treatment effect of the substrate treating method by this invention is explained 
with reference to drawing 5 (a) and (b). Drawing 5 (a) is a figure showing the treatment effect 
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over the particle of the substrate treating method by this invention, a horizontal axis shows 
washing time and a vertical axis shows the number of particle. Drawing 5 (b) is a figure showing 
the treatment effect over the metal impurity of the substrate treating method by this invention, 
a horizontal axis shows washing time and a vertical axis shows metal impurity concentration 

(atoms/cm^). 

[0094]First, the treatment effect over the particle of the substrate treating method by this 
invention is explained with reference to drawing 5 (a). Measurement of particle uses the thing 
which made at least 10000 or more particle adhere to an 8-inch substrate (semiconductor wafer) 
as a sample offer object, It processed by having set respectively the washing time in the 1st 
process A thru/or 3rd down stream processing as 20 seconds and 60 seconds, and the number 
of the particle of 0.2 micrometers or more in each washing time was measured using the surface 
contamination test equipment (SRI) of a laser reflection type. Drawing 5 (a) is a thing at the 
time of processing the 1st process A (processing by organic alkaline treatment liquid), the 2nd 
process B (processing by an organic acid nature treating solution), and the 3rd process C 
(ultrasonic cleaning and desiccation by pure water) sequentially in this order. 
[0095]If the substrate to which 10000 or more particle adhered in the initial value is respectively 
washed at least 20 second at the 1 st process A thru/or the 3rd process C as shown in drawing 
5_(a), it turns out that the number of particle decreases even to about 0, and a high cleaning 
effect is acquired for a short time. 

[0096]Next, the treatment effect over the metal impurity of the substrate treating method by 
this invention is explained with reference to drawing 5 (b). Measurement of metal impurity 
concentration is an 8-inch substrate (it is the semiconductor wafer which formed copper (Cu) 
metallic wiring in the substrate face by OMR, and). The thing which made copper (Cu) or iron 
(Fe) adhere to calling it Cu-CMP is used as a sample offer object, respectively, It processed by 
having set respectively the washing time in the 1st process A thru/or 3rd down stream 
processing as 20 seconds and 60 seconds, and the metal impurity concentration (atoms/cm^) in 
each washing time was measured using the total-internal-reflection X-ray fluorescence device 
(TXRF). Drawing 5 (b) is a thing at the time of processing the 1st process A (processing by 
organic alkaline treatment liquid), the 2nd process B (processing by an organic acid nature 
treating solution), and the 3rd process C (ultrasonic cleaning and desiccation by pure water) 
sequentially in this order. 

[0097]As shown in drawing 5 (b), the iron (Fe) contamination which was the concentration more 
than the copper (Cu) contamination which was the concentration more than 1.0x10 

(atoms/cm^) in the initial value, and 1.0x10 (atoms/cm^). If all are respectively washed at 
least 20 second at the 1 st process A thru/or the 3rd process C, it turns out that it falls below to 
a detection limit value (1.0x10 (atoms/cm^)), and a high cleaning effect is acquired for a short 
time. 

[0098]Only the (comparative example 1), next the organic alkaline treatment liquid by this 
invention are explained with reference to drawing 6 (a) and drawing 6 (b) about the cleaning 
effect over the metal impurity at the time of using independently. The figure showing the 
treatment effect over the copper (Cu) contamination at the time of using the organic alkaline 
treatment liquid by this invention alone and (b) drawing 6 (a). It is a figure showing the treatment 
effect over the iron (Fe) contamination at the time of using the organic alkaline treatment liquid 
by this invention alone, and a horizontal axis shows washing time and a vertical axis shows metal 

impurity concentration (atoms/cm^), respectively. 

[0099] Measurement of metal impurity concentration to two kinds of 8-inch boards 
(semiconductor wafer) of the thing (in drawing 6 , it is written as Si02) in which the oxide film 

(SiOg) was formed on the thing (it is written as Bare in drawing 6 ) which the substrate body 

(silicon (Si)) exposed, and the substrate body. The thing to which copper (Cu), ( drawing 6 (a)), or 
iron (Fe) and ( drawing 6 (b)) were made to adhere, respectively is used as a sample offer object, 
It processed by having set washing time as 20 seconds and 60 seconds only using organic 
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alkaline treatment liquid, and the metal impurity concentration (atoms/cm ) in each washing time 
was measured using the total-internal-reflection X-ray fluorescence device (TXRF). 
[0100]First, the treatment effect over the copper (Cu) contamination at the time of using the 
organic alkaline treatment liquid by this invention alone is explained with reference to drawing 6 
(a). As shown in drawing 6 (a), the copper (Cu) contamination which was the concentration more 

than 1.0x10 (atoms/cm^) shows the downward tendency in connection with washing time 
turning into a long time with the initial value, but. In the sample offer (in drawing 6 , it is written as 
Bare) object which the substrate body (silicon (Si)) exposed especially, it turns out that 
sufficient cleaning effect is not acquired. In drawing 6 (a) and (b), it is shown that D.L was below 
the detection limit (Detection Level). 

[0101]On the other hand, the treatment effect over the iron (Fe) contamination at the time of 
using the organic alkaline treatment liquid by this invention alone is explained with reference to 
drawing 6 (b). As shown in drawing 6 (b), the iron (Fe) contamination which was the 

concentration more than 1.0x10 (atoms/cm^) shows the downward tendency in connection 
with washing time turning into a long time with the initial value, but. In the sample offer (in 
drawing 6 , it is written as Si02) object which formed the oxide film (Si02) on the substrate body 

especially, it turns out that sufficient cleaning effect is not acquired. 

[0102]Therefore, it turns out that sufficient cleaning effect is not acquired [ as opposed to / 
only by using the organic alkaline treatment liquid by this invention alone / especially / a metal 
impurity ]. 

[0103]The treatment effect over the particle at the time of using respectively the (comparative 
example 2) next the organic acid nature treating solution by this invention, organic alkaline 
treatment liquid, and pure water alone is explained with reference to drawing 7 . Drawing 7 is a 
figure showing the treatment effect over the particle at the time of using respectively the 
organic acid nature treating solution by this invention, organic alkaline treatment liquid, and pure 
water alone. Measurement of particle receives the sample offer object which made at least 
10000 or more particle adhere to an 8-inch substrate (semiconductor wafer), The organic acid 
nature treating solution by this invention, organic alkaline treatment liquid, and pure water were 
used alone respectively, after setting washing time as 20 seconds and processing it, the surface 
contamination test equipment (SPl) of the laser reflection type was used, and the number of 
particle of 0.2 micrometers or more was measured. 

[0104]As shown in drawing 7 , even if it uses it alone, it turns out that there is a predetermined 
effect to particle, but as for the organic alkaline treatment liquid by this invention, it turns out 
that sufficient cleaning effect is not acquired [ as opposed to / only by using the organic acid 
nature treating solution by this invention, and pure water alone / especially / particle ]. 
[0105]Namely, either one of the organic alkaline treatment liquid by this invention, or an organic 
acid nature treating solution only by using it alone so that clearly from the (comparative example 
1) and the (comparative example 2) Cannot wash the substrate 1 to high cleanliness, but the 
substrate 1 is first processed in the 1st process A using organic alkaline treatment liquid (or 
organic acid nature treating solution). Next, it turns out that the substrate treating method of the 
invention in this application which performs processing to the substrate 1 processed at the 1st 
process A in the 2nd process B with the organic acid nature treating solution (or organic alkaline 
treatment liquid) is effective for improvement in the cleaning effect of the substrate 1. 
[0106]Especially the organic alkaline treatment liquid and the organic acid nature treating 
solution by this invention. There is no corrosiveness over metal (for example, copper (Cu), 
tungsten (W), aluminum (aluminum), etc.), And by not corroding the metallic wiring formed in the 
surface of the substrate 1 by exposing, and using two kinds of this treating solution, since 
complexing agents, such as a chelating agent which can be caught, are included by using a metal 
impurity as a stable water soluble complex. It is efficient and the particle and the metal impurity 
adhering to the surface of the substrate 1 can be removed. 

[0107]The substrate treating method by this invention from performing finishing washing by an 
ultrasonic wave in the 3rd process C to the substrate 1 processed at the 2nd process B. A high 
cleaning effect can be acquired also to particle, a metal impurity, etc. which adsorbed in the 
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dishing 55 generated in the metallic wiring 51 of the substrate 1. or the step 56 (refer to drawing 
8), and if the 1st process A thru/or the 3rd process C are performed consistently, it is possible 
to improve the cleanliness of the substrate 1 further. 



[Translation done.] 



http://www4jpdlJnpit.go jp/cgi-bin/tran„web^cgi^ejue?atw_u=http%3A%2F%2Fwww4.i... 2008/08/18 



(19)B*B#fFiT (J P) (12) .i3t ^ 4# 4^ # ^A) (ll)»lfmR45:M«^ 

#182002-50607 
(P2002-50607A) 
(43)^iB B 2mBB (2002. 2. 15) 



(51) Intel.'' 
H 0 1 L 21/304 



6 4 7 

6 2 2 
643 
644 



F I 

H 0 1 L 21/304 

647A 
6 2 2Q 
643D 
644C 

«*«Cr>»14 OL (^16 M) 



f-7n-r(##) 
647Z 4K053 
5F043 





($i|2000-2360%( P2000-23e082) 




000124959 












¥^12^ 8 ^ 3 B (2000. 8. 3) 




jm^W**"! 3 Ta 1 #*© 5 








mm »— 
































3K:s»^«tp5fe"«r3-i-5 tt^sa* 
















100081318 



















(54) isimo^mi mmmjsm 



(57) [SI*)] 





S 

ft 

- ;p 



(2) 



2002-50607 



^#S4 1 -r 2 tB«o««Ma73 jic 

Mm 1 7!;MW*:« 5 O i^^-rtit' 1 iB«©a«MS;& 

g^;i/T>^^'?i:>t: Fn^^^ixF (TMAH) . b'J^^ 
(TMAH) . FV;<^;1/- 2- 1 Fn:^^i/xg=-;l'TV 
< ^ 1. 1 j-;(±o{t:-&»T'2& ?, ii t ^Itm t f W 

-omm ^mwLt ^t^mm.^ ^css-ir l fc o h ss o* ■ x« 
o - 1 j-x±^-r s {t-^^t^ e> s e. 3ijR-r s 



&?**-rS^2(3D^{fcSiJ«r-&*i. Sueil2 0ft{tgiJ 

a. F:^— ll^T'£55i^«X^3:^*^W■r§^l:-&!|%^ F 

^m^m 9<D'y% ^/^■rtl*^ i fB«£oa«^Ji?u}* , 
lu^ t ^#^mm-r s * v^ht- s t . mi b * 

10 S^^>i7^. i'xrxgg. U^'riM. -^U-^iy 

-rsn^is 1 nmmi^m i o <d ■^(/^■rn*^ i 
m^m 1 3 ] MiB^d^ vrz y xg^ 

20 U>i>~7'5VEiffF^ (E DT A) . F^^'X-l, 2- 
v'^rn.^4^'y->'v'75>'EffK (CyDTA) . F V 
aF'Jff^^ (NT A) . v^x^L'VFUTSV'-^y^it 
m (DTP A) . N- (2- t Fn4^->x^;l/) x^lx 
Vv^TSi'-N, N' . N' -FUit^ (EDTA-O 
H) RD*C:ne>Oiejb^?.:5;5gf*->6Sf?-rS'>*< tfe 
1 i;J.±<Dit^^r'&^il t.^^mSLtT^m^mi 2lB« 

cwsi^^i 4] ^ic^mMmt)mmi.fc^<D^m 
30 ^Qa^&tft/x M{t#e^««6gwii«iffim<DHuiB»«^M 

MfBMi OXfSfOtttc. lufB^M**f-I-fc>r<tbTlP;KfStt 
OW^7;l/AUii. tufB^M«*5|.cOiK?&U"MI3W)e?t 

A itmmmic j; MfBS«*?^?*t-sig 2 ©xg a 

[0 00 1] 

f So 

[0 0 0 2] 

50 T. CMPiVd) A^fflV^e>nTI/''S, 



(3) 



2002-50607 



[0 0 0 3] cMPt*. 7.^v~-tm£ti^mmMti\: 
[0 0 0 4] cMPicj;i^mm-^tircmom«.tLX(D 

[0 0 0 5] 

(DHF II) T-MabT^S:^M*^* 

[0 0 0 6] L?b^L:fe*^t,, R C Agfe?^©^ 1 ©IST' 

[0 0 0 7] ll2<DX^T'^Sffl^tlSDHF 

[0 0 0 8] s 8 ic^-r<fc -5 tc. mmthr<D^^ 

[0 0 0 9] mmtLXiD^m^^yxy^mmcmihir^ 
^mwmii. ->i;riv (s i) mmmti^ib:^^^m»t7 
X./M ±iciyv =i:ymit^ (s i oz) Bi§A^e.^sii 
F^igif 5 3 L. mmmmm 5 3 opjr^spjrtcg^ 

(T i ) ^mit'f-^ly (T i N) l|A^e,^SAiJT 
M5 2^/^LTi^ (C u) l?O^Saa85 1 :&fflJ63AA. 



BBS5 lSt>V^U7IK5 2©^S^a5^«:WBibT^* 

■rSc:t*^Pt)tiSA\ #M@H«S5 1 (jyu^tf. IB (C 

u) ) f'^vrms 2KjA:^xm^f:-^<s mmmm-ff 

[0 0 10] ^LT^ T^V-yi^Vd^S 5*^JgJ5ic*tli> 
^mWMS 1 ^l/^UrKS 2i;©*Wa5fc|Sg|5 5 6 
tm^h. <l£Dgg|5 5 6Rt;v^^'-y->V<75 Srttc/^- 

n*V^^-&;b"5SSo ^;*3. /'^Vrms 2 lis ^MiHM5 
1 lc1sgffi-rs^M<0-l':t>7b^i|^«f*'i'X/N5 4Pffci£«5 

[0 0 1 1] ^fgBjiiiiao.-siciii^T^stLrcfccT 
nir^^m^mm^yiri^<Ditm^m±^mx'$>K). 

[0 0 12] 

lis *®l::^S#m^ffimLfcmiO^JliBJ»%*-r§ 

30 ttffiaMicj;Dfijfaa«^«5fe?#-r-sMi®x@i. wib 

So 

[0 0 1 3] SfCs tijtElg2 0X@tDmii:. iffiB^ig-ea 

[0 0 1 4] Sfc. t9fa^^?S?Sfe^fflMt*^i±^ M7k-t?fe 

40 So 

[0 0 1 5] Sfc. tfilBlg3©X@l3:. SufEaS^S^ 

[0 0 16] ^fc. mm^m^mit. m. ^^-^x^:/ 
[00 1 7] sfc. mw.mu7 fV:^ V li. mmm.Ti/=E 

[0 0 1 8] S/c. BulB^rafvSZV^-'i^Aigti;. 7^ h 
FD^t^i' F (TMAH) . FU 
50 ^f-;!/— 2-k FP4^->x9^;l'7:y-t::^'i'At: Fa4^-> 



(4) 



2002-50607 



F (TMAH) . hy;.<^;l/-2-t:Kn4^5/'X^;l/7 
[0 0 19] *fc. mlia*«T5>««. FU;^^;V7' 

[0 0 2 0] sfc. tflfS«MT;i'*';tt«!i3a?g3b^-g-t?il 

[002 1 ] S/c. *ufHW«T;V*U'MMas 

ssfit^ **-r 5^ 2 oiiftsij^^^. fijiB^ 2 ®ii{ts>j 

a, F-f-Jl-?-e^2.^«Xti^^:?:W'rSft^^. F 

[0 0 2 2] Buie*«t±. wia#M#*4<o^ft 20 

v-rL-i?^, ^x^-^, UvdMs -^W 

[0 0 2 3] mEmmmmmit^^tsmitm 

[0 0 2 4] HufB#';T5y*;V:d?v^li. X 

^Ix-Vi>T5>rafff^ (E D T A) . F-7VX-1, 2 
—>-!7t3-\:^-^iyi/7S.:ymWm (CyDTA) . ^F 3o 

vxn\-vmm (NT A) . >^x9^v-vhy /'^V'^v^f 

(DTP A) . N- (2-t: Fa^v-xg^;!/) x^ 
l'Vv'T5V-N, N' , N' - F'Jfff^ (E DT A- 

OH) sifcne.cD^*^^^s^*^?.as?-rs'>^< i: 

[0 0 2 5] ^fc. *f6B^<0S«Ma*?£a. 
[0 0 2 6] 

T. 0 17!iS0 4^#?.§bTSiB«-r5c iau±. 50 



[0 0 2 7] miRzfmzicTjk-ri^'oic^ :$imM\cx^ 
mmms^mii. mm. i icMi^rmmrjv:^ v^mmm 

2©X@B,i;. ^2^DX@BT^aLfcS«Hc5tLT 
^«jSI?!5feP&t;ffij^^fi=-5^3'DXgC^;^*-rS, * 

43. WSi tLTli. ^©^sfi-^x/N^^^f^xaS^^ffi 

^lim (Cu) . ^y^^X-rV (W) . T;VZ — ^K 
(A 1) ^) *^^aiLfc^^fr'i7X7N©{t;^sg^MWW 

* (CMP) mm^k<om^$!mictti-mz'&^o 

[0 0 2 8] *-r. *SI?eicj;SS«MS:&)S©|gl <D 

xiSA^c■^^^Tl^^0a■rs„ moxSAii. 

imt^mmmwmm 2 a. ■?-ti^'tia« 1 o^bisb 

3 b fc. a« 1 <0«KI5®fc^LTiSfejffm?5fil#: (C 

mfi^y xn 9t. a« 1 ^imt^ ttt^ic m^mm 
[0 0 2 9] as 1 ^m^Wi~t^mm^$^hvx(om 

»D-^ 6 aOlS^D— ^ 6 a BSjSlfn— ^ 6 e li. 
■?-tl^n. Iig|5«8 c lt|K«?nfca-9gP«8 a 
clCDa-vai3#8 acDTg|5fi:{4B-r?>:;'s:g©©ttgI3 8 b 
^^W-rSo Sfc. |gttP-^7t4. $fia5«-8c*^^- 

IC^oTV^Sc. **3. IgKa — ■^7RmS^D— 56 a 

jbsjsjtn--^ 6 e © -^^ < t ^.v^■rn*^ 1 C^iJ 

^(fs ffi*#a-9 6 aRt/«jfn-5 6 e) 14. 

^ (E^N^ir-r) te:J;oT^#A^^EnPRtf^epQ73lR]lc 

w-m'^m-us, 0 . sffi 1 ©ajA^ic a^en p y^mmn 

LTilJMLs as 1 ;i'iSSii3M^B m 4 tcmSP 1 9 <D 

mm^-'y 7 RXSUWo-'y & a7^M«»P-^ 

[0 0 3 0] [Hlte:7-7->3 aRt>*3 ba. SS 1 0«K 
ISEtcMfGLTS^ELT^S':!. $4^5 5 ate. PVA (d< 



(5) 



2002-50607 



[0 0 3 1 ] htc-h^-DX. mmr^-^ 7 ^mmtin-^^ 

1 <0Saffiffi*'5|lliK:/^i/ 3 a Rlf 3 b O^gP 5 c Ic^ 

mmmm^^Mhrm^tmi^-^n. mm i iic^guT 
[0 0 3 2] HI ©xigA©5aa*'!^T'rs^. «gi 

afSffijMSM (0 4 lc/T\SI5 1 9 ©^125^) fcj;oT 
MttSSn. H2CDXSBli:iattTffij3MSnSo *43. » 

m<Dmi'fr'&^. m:^mmim--v$>^^tti-^^. mm 
[0 0 3 3] m 1 oi:mATmmt^mm.T}Vf} 

m-t. »«1 ©Affile ^Jl#m^^tHLf^««lT'?gfiK^ 

nfc^ssa^ (mi±\ ^ (cu) . ^fv^j^xxv 

(W) ^ T;V5:=.<^7i:. (A 1) ^) iCjltLT^^S^SttO 
*3> »«l±tci±. CMPfcJcoT. ^Sia^tet^ffib 

rc^mMn(om^if^ c s c t , waT;v:^7 u ttsa 

[O 0 3 4] W^tT;lx*U t LTl±, MElST'V^-'j? 

v«^Mffl-r 2. c *^T'#. ffl« 1 ~ 3 0 mm%7mm. 



^i-K (TMAH) s hyp<^;l'-2-t:Fa:^v'xg^ 
ffll-SCt^^T'^So Ctl?>«0*«7;VAy«. 2a« 

10 [ 0 0 3 5 ] s /t. mmr^i^i:} V ■it^mi'^mmtym 

0. 0 1 ~3 oaM%©«ft^Htc^2)j;-5lcffll/~'?.n 
CO 0 3 6] *«7;i/:?!7U1t^S?£^c^inf ^^P-h 

[0 0 3 7] ^mT)\yi:jViimMmicyyim^iriy^ 

^i^ti.xmtu'^ti^o ±mmm^(Dyyitm^:tiym 
mit. 0- 1 5mo i/m±-e$>»5. »^b<i±o. 

2 0 m o 1 / 1 J;^±T% ±mit 2 . 0 m o 1 

[0 0 3 8] ^fc. ^mT)i^i:3V']^iiimmic^'?mm^ 

mti^x. mn. io-7~5fis%. ^^f^b<^ilo-6 

-0. imm%commxmuT^^ttm'^L^<. j;("F 

[0 0 3 9] (1) onm^\'^<o^M^^y:^/-)V 
50 f> - 2 - 7 ^ l/>'>>^x;l/>1-> Ho 



(6) 
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[0 0 4 0] (2) 0HS:^2OJ;^±#^;|)-7iy-;l' 

— ;K 1, 2, 5 -^^'-^V h ij ;K 1, 3, 5- 
^v-^zVhy^— ;K 2-^5^;l/'7na>^VV->y-;K 
2, 4, 6- hy^^;V:7nn^Vl/->y— ;K l, 2, 

;K ^f^a>^, l/y;P>^y— ;K 2, 4-S/t:F 

7;l'T^^t:F. v^t: Fn:^^^^*^ F:7:i:y V. 3, 4-5:^^ 
t: Fu:¥.iySlLS^. 2 , 3 , 4 - F U t: F 

n^>-^SSK. 2, 4-s>^l:: Fa4^e/-6-p<^;VS 

::^Fa•:^:7 h-;K 'i^y'^? L^Vt" F^:?!— ;K If-t:?^ 
;K 4. 5 -S/k: Fn^^i/- 2 , 7--fy^l- 
v^/X;l//^i>'^^ 1, s-v^ii Fa4^->- 3, e-i-y 
1, 2, 3-7'vF'^'fe^h V^j- 
1, 3, 5-FUX ((2, 3->>^t: Fp^^v'^ 
vW;]/) 7^y><5^;W ^v-tfv [me cam] . 
1, 5, 10-FUX(2. 3-S/t: Fa^^v/^^yV 
;W -1, 5, 1 0- Fy7'tf7=^^::tr> [3, 4-LIC 
AM] .1,5, 9-Fyx (2, 3-i>^t: Fu^^S/^ 

5. FyTif^UT^^:^^ 

[3, 3, 4-CYCAM] . 1, 3, 5 - F U X 

( (2, 

^/^V [3, 3. 4-CYCAM] 
X ( (2, 3-S>^t: 
^V^V [TR IMC AM] . 

[0 0 4 1 ] (3) t: 

v^t: Fa^e/^vy>^:ry 2, 

^x/^/^ 2, 

^xyv. 2. 





3, 4-~Fi;t:Fn 

2' , 5, 6' --^F-^t: F 



4 , 



6 -^V 



^ - y Fl 



^x/V. 2, 3' , 

[0 0 4 2] (4) t: 
o - 1: Fu^>^^>XTx i; f^ E 

C5) t: Fn^>'7-;l/« 
i^^U;d-4^-y--;l/ifx (2 - h Fac^^->T-;W 

(6) t: Fa:^^i>ti:7x^;l/^g 
If >^ X x;l/-r h Ho 

[0 0 4 3] (7) t: Fn^v'^^y ^H&tf-^tOii^f* 
2, 3-t: Fp4^>^- 1 , 4-'^y'F^y>. 5-HF 
P^f>-1, 4--;^^ F4^y >'s i/t: FP^^fyy^h-^ 
4^yy. 1. 2->>^t: Fn^i>-3- (7^y><5^;l/) 
TVF^^yv-N, N' -2g^^ [7U"9^^U>n>y 
U4^t^V] . hU t: FP4^>^7VF'^4^y>^:^Ho 

[0 0 4 4] (8) -:yyx.:^JVXlthVy 



40 



>^^:7x::i;l/;><:$?V-2. 2' ->^:t-;K 4, 4' , 

4" - FUyxx;l/y J?>h U::d-— ;K 4, 4' -S/t: 

FP4^->yyy>', 4, 4' -s/t: Fp^^v-yyy 

4, 4' -S/ti FP^>^-3-y5^;l/7yy tfa:^ 
F [PV] :&Ho 

[0 0 4 5] (9) T)]y^)]/r^zyo:>y:^y—)vmmit 
x^b>>>^7^>>>^:i-;i/hk: FP^e/yx-;!/^^ [E 

DOHA] . N, N-tfX (2-t: FP^^i/^ve^^W 
x^UVS^^Z^V-N, N-zmm [HBED] . 
l^^/S/'T^Vi/t: FP4^>-y^;l'yxx;l/p^ [EDD 
HMA] i§:H 

(1 0) T;l/4^;l/x— r;l/C>:7xy-;V^®^* 

3, 3' -x^l/Vv^;t^S/>>^*7xy— Ho 

[0 0 4 6] (11) TV^a^^f ^yxy-;v^.Rtf 

4, 4' tlX (3, 4 -i/b FP^i>yxx;l/7y; - 

2, 2' "-x^;l/--\>'S/X;l/5fNV®^2 7v^x»i7A [x 
^;w^yi . 2, s-e^b FP^->- 1 - (s-i^Fa 
4^>'-3, 6-i>^x;i/j^- 1 -•^:7^;l/TyO -3, 6 

o, o' FP^^e/r 
2 - t: Fp4^^/- 1 - (2-k:FP^->- 
5-^^;l/'7xx;l/TV0 -4-:^:7^U>'X;U'J^>K 
F] . y pp t: FP^^fyy xx;V7y>X 
1 — ;K 1' , 2 -i>^ti FP^^i/- 6-x Fp- 1 , 
2* -Ty't-'7^l-':/~4-X;W1-^v^ [xu^d-yp- 
Z.y-^^yyT] . 2-t:FP^v'-l- (2-t:FP4^ 
>^-4-X;VxH- 1 --:^:7^;V7y:) -3, 6-i-y^ 
L/^^-yx;!/^^^^, 5-ypp~2-t: Fp^>^-3- 
(2. .4-f^t: FP4^->:7xx;l/7y:) ^V^VX;l/5^ 
[;I/^:^^U::a'>] . 2-l^FP^>^-l- (2-t: 
Fp4^->- 4-X;l/^^- 1 -:^:7^;l^7yj -3--:^-y 
[NN] . 1, S-i^\^Vn:^^^-2- (4- 

x;l/:^^^yxx;l.7y:) -3, 6--tyy i^>v>^x;v^^v 

1, FP^^Sy- 2, 7-lfX (2~X;V2^ 

'7xx;l/7y') --3, 6— :f>^^l/V>^X;VJ^>^. 2 
- C3~ (2, 4-i>^;^^;Vyxx;l/7^y;^;V:e^^4^ 

- 2-1^ fp4^^>- 1 --^y^/vryT -3-t:F 

p:^^^^>'tf>'X;V^^^V^s 2- [3- (2, 4-S>^y 

^;l/>^xx;V7^y:^;l/jJ^4^>') - 2 - 1: Fp4^s^~ 1 

-':^y^;l/7y^ 37xy— ;i/:&Ho 

[0 0 4 7] (12) OHS^^W-r^^im^^fb^Jt^^ 

8-^yuy— ;K 2-y^;i/- 8-4^y y y-;K ^ 
y u v^/^t-;!/. 1- (2-ifUv'V7y; -2-'t:7 

h-;K 2-7^y-4, 6, 7 -y^-U v'Vh U;a-— 
;l/. 5, 7, 3' , 4' --7^ h^t: FP^S>'7-^2KV 

[;V7":tU>] . 3, 3* -ex [N, N-ex (:^;l/ 
3j<4^S/y5^;K) 7^y;^^;W y;^::a-U-fe'Y>' [;^;P-tr 
-Ciy] . 2, 3-t: FP4^-> tf ij 

[0 0 4 8] (1 3) oHm^'^t^mm^it^f^mR 
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;K ba.i^av, 6 — TVT'n tf;V hP53<a:/:^Ho 

[0 0 4 9] ±iB (1) 7!js (1 3) ti^^r^^mt^^m 

[EDDHA] ^CD7;V4^;VT^ >'0:7i / io 
[0 0 5 0] ^Tcs ±12 (1) 7^^ (1 3) io^^-^^m 

do 20 

[00 5 1] [A] ¥i—m^iss>^mmximm^m 

(14) F-t-M?Tfe^5^^^#^^mffl 
ga^fiSi:LT^ xCHS-. rs-. r- 

COS-. R-c s gL<iic S32- -t^^^nss 

0^^:&< i: t 1 ^W'r^7b\ Xt^RSH. R* zS^b 
<t±R2 C= ST^^n^^:t-;K X;I/'7^KSb< 

TRtiTyl^^yVS^^L. R' ti7';l/4^;I/S3^ti:7;l/^ 

^JB^-r^C ^t.T^^o HS-S3ltiS 

tLXi^:tmk^^t^o:>i^; R S HXti:R S-a^Wt* 
§t>^0i:LT5^:^— ;K ;K 1 -^n/^v 

^;d--;l/:^Hc>ffi®7;l/^;V^;^-;]/Xt*^C)iM ; R- 

KXti^^OS ; R-C S S-m^^T^h(Dti.X:r.^ 
V>?tfX . z^^:^mm.Xlf±'t(Om\ CS3 

; Rz C- sa'^^^^^n^5^:^•:^ 
;l/.1<^;Mb^Jt%^LTya/^>^:t>'. 2, 4-^>':^ 

[0 0 5 2] (15) ]''i'-m'^'v^^mm^mT^m 

iBfeS^LT. NC'. RNC. R C C- ^^t^t>(Dt>^ 
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[0 0 5 3] [B] F^-M^TS^^^^^t-^Si{t 
mtLX. \;JLTOD (1 6) (2 9) tf&^o 

(1 6) 

F;^-:^^. x^;l/TxV>. :^^S/Ue^>'. 

V. 2, 4, 6- Fi;;'<^;l/Txy v^7:i:x;l/7^ 

V, ^vv^v^v. ^7na7xyv. xFny^xyv. 

[0 0 5 4] (17) zyT^iyRl^t^VT^l^m 
S/7^y^>^V. F;l/X>'^/7^>'^ 

;i/yxxi/>'>>^7^v. Fy 7^y^>^-if>. T^ys>^ 

:7xx;l/T^V. e^7^y:7a:x;V7^>^^Ho 

[0 0 5 5] (18) T^yZ;!/^]-;!/^, 
x^?y-;V7^>'^ 2-7^y- 1 -y^:5?y-;K 2- 
T^y-2-y5^;l/- 1 -T'n/V-^K 2-7^y- 
2— x^;l/— 1, s-yn^^vi:/:^— ;K 2- (x^;l/ 
7^y) x^y— ;K 2, 2' — f^y^/x^y— ;K 
i>'y^;l/X:^y— i/^x^;l/x^?y — ;V7^ 

x^;l/f^x^y-;l/7^>'. 3-v^x^;P7^y- 
1, 2~yvi/i:yiy:^—JW F y Xi$?y — ;l/7^ ^'^^ 
Ho 

[0 0 5 6] (19) T^yy:iLy-jvm 
T^y^'icy-^K p--7^yyaiy-;v5iS^^. (;^ 
^;VT^y) :7xy— ;K 7^y uy;l/S/y-;l/:&Ho 

[0 0 5 7] (2 0) T^ym^i^^Viy^y. ^^^yi/vx 
^;l/XX7^;K it;Vn->v, 7^::l>^ 7^yffi^. y 

;w^y>'. /^yv. '1'y/^y>'^ y;i/n^->v. a-ffy 

V, ^ya>r>^>^ -feyv^ L-FUpi-x>, v^x-r-f 
V, ->x^v. yf^jj-xv. ;t;i^x^>'. yv-v. 7;i/ 

^xv, >'F;i^y>. 7X/^^^V^. 7X/^^^V. 

^iy^/. N-'7xx;i/^^y sy^. N— ^>'yV;l/^^y-> 
[0 0 5 8] (2 1) -^^y:^;l/2}-*v^S 

^ ^ y 2 im X F y p 3 - f y n 3 tf :t v 

X^l^>i>'7^V2P^ [ED DA] . X^lxVv'^ 
7^V4P^ [EDTA] . b Fn4^i>x^;Vx5^l^v 
iyy^iy^Mm [EDTA- OH] . F^>X- 1 , 2 
-e/7^y >'^n-\:^"y-V4KK [CyDTA] . S/ti 
Fa4^>'X5^;l.^ y v V [DHGE] . iyT^yfXD^< 
/-)V4W^m [DPTA-OH] . v^x^lxVFy7^ 
lyswm [DTP A3 . x^lx>.s>^7^V2yp tf;i-> 



(8) 
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[ED DP] . a-;l/x— 
^ [GEDTA] . 1, 6-^4^'t^p<^l/Vi>^7^>'4 
Wm [HDTA] . h: KD4^>-x^;W^y [H 
IDA] . ;><f-;PEDTA ^/ :/n>^^> 4P 

m . hUx.^l^Vr h-^^veP^ [TTHA] . 

[0 0 5 9] (2 2) 

^) [EDDPO] . X5^U>'>>^7^V-r h-^^X 
^l/>^^^XxJsV^) [EDTPO] . xhUabUX 

(;>^5^l/>'.i-^X:t^^^^) [NTPO] . >>X^l/>hU 
T^>'^>^^ (;><5^U>.-}-^X4-^V^) [ETTPO] . 
yulf UVS^^T^V-r h-^ [P 
DTMP] 

[0 0 6 0] (2 3) mmm^T^iym 

tfi;>?v, r3xuv, tfnuv. 3-tfUv^^ 

X h a y 4 - fcf y F If tf y zyjV. 2 , 

4, 6- by X (2-tfy - 1 , 3, 5-hVT 

zy> [TPTZ] . 3- (2-tfy>>» -5, 6 -If 
X C4-X;l/>':t— ;W -1, 2, 4-hyTS>V [P 
DTS]. s y n-:7jix;l/-2-tfy >>VV^ b^^^A 

[PPKS] ?&:^^iDtf y 4^yy^^. ^-r^Viy 
V. v^p<^;v:^^y y V. 8-^yyy-;K 

2-y5^;i/-8-4^y yy-;K ;>< b^i^^^y y 
un^^yyv. ^y y vi^^^--;^. ^x 
^/^^ xba^yyv. ^^^^y^'. ^p^u>m. s-y 
•trb^s/^yyv. if>'vr3xv^:^^^fD:^^y y ^^^s 
^y^yyv^.. r^viy^y. 9-T^yK>'. ^^^1:*:^ 
yby>>v. ^vy^^yyy. ^ww^^yyv^^H 
io^vy^yy>^». •^:7b4^y yy^Ho-^-y b4^y 
yy^i. o-y'icf-y buy X 2. 9-v^y^;i/- 
1, 1 o-y a:':^ y bay y. /^y^^'n-r^s /^y^ 
yn^vx;i/5}->y^. /^yy:ii':?-y bny v. /^yy^i 
-fy bay yx;l/7hym. 2, 9->>^><^;b-4, 7- 
s/y xx;i/- 1. io-yj-"fybay ly^^coy ji^i- 
ybayv^, tf^y— 5-tf'^ayV?5;^^Otf-^ 
y-;l/S. -r^^y-;K ;^^;W^^y-;V:&Ho^ 
^:^^^y-;b^. 2-^^^vyy. -Y^^^^yyv'V. x 
^ uy^^^fe E(D^ ^ ^vy y*3c};t5^ ^ ^Vy v^y 

zyT-Jiy. tfy^-y^/. k^'^iyzyt^}i(DiyTiy:ym.-. "0 
•^iy;K ^^y^Hot: Fa tfy ^v'yp.. tf-^-^-yy 
:feH^otf^^s^y^^^ e/yyyy. y:i:'^-yy:&Ho^ 
yyi/T-yy:feJ:t5i^^yy>^7yy^. byTv^y 

yyya. :t^'y-y-;K 4 -^i-^-y-yav. -ry 
:^^-y- y- z y^ a h ;t 4^*9" y - j; ^ 

y:^^+)-y-;^®. 4H-1. 4-:t4^-9-f^y. 

y y:fe^o:t4^-y-s>v». ^7y-;Wod;r5-^yy5^T 



14 

y-;v». ^y^Ty-;vas ^T>^y«^ tfp-;i/ 

tfay y||:|3^t;ifay yv^. ^yF-;V^I^ ^ 
ybyym. -fy-f y F-;i/^l. :5^j;w^y-;i/®. -fy 
f^nm 5}^;i/yYyy^.:&^o 

[0 0 6 1 ] (2 4) 7^F&tf-r^FSI 
:^;W^^y^. F^Zy^xyA. F 

^^^•y-^ F®x^;K N-xba:^;W^^ F^x^ 
;K :*r;W^x;l/K. :?57;W^xux b y ;K rt^-y-x;!/ 

.t^;VA7^ F. yr^ bT^ F. ^4^-y-y7^ f. 

10 ri7y;l.7^F. ?L^T^F. e/7y7^b7^F^ :t 

4^-y-^F. x^-yy7^b% •9-y^;i/7^F. xba-^ 
yX7^b\ 7.^v-y>(^Y. vW^F. y^;i/^^ 

^F^:^\ 

[0 0 6 2] (2 5) 7xy FP. 
.i^;l/A7xy F. T-lrbTxyF. bFa^y7xy 
F. ^aa7xyb\ ^ b^^v'T-tr b7xy b\ rt^it 
xy F:&H\ 

[0 0 6 3] (2 6) WM. ^:^WMBL(3^om%W 

^m. N-?^^jvmm. n, n' -x^y-rvs^, 7 

20 ayry^. ^^yn;!/;^^. it^-y-^wi/^. tfyi^^y 
b. N-xbajs^, 7yy::^7;l/5f^y7^ F^ 

(2 7) :t^zyL.m 

.:H;i/A7;i/F^-yAs p-^yy^y yy^^-^yA. ^ 
yX7;i/F^^yA. ^y-y;i/y^:i-4^>^A:&^o 

[0 0 6 4] (28) ^miRl±;b'^JS'&Lfc:iHffiS^Wt- 

7y<y'tfy. 7yb;i/xv. ;^^;i/i/^y F^ 7y--^y 
Hfyy:^;l/.i<y®^. t Fa^y7y-^y-^fy^ 7y4^e/ 
30 '^y^V?5:HfDl:: F-^yyRtfli F-^y F^ii:LT. X 
xx;l/t: F'^yy. p-ya^yxx;l/li F^yy. p 
-xbayjix;l/t F^yy. N* , -y j:x;l/7-lr b 
h F.^y l^^r^EcOTV^XUT^/^iyit^^m. t: F'^ 
y^ y-tr y . t: F y 2 ^mS^*: ^ t F ^ ^/it^^ 
m. ;d-:*^ity ^y^tfx r+j-y yy^ytiF-^yF) ^ -y- 

y y;l/7;l^xt: F (2 -:^7;l/:^^4^yy aix;l/) \i F-^y 
y, ^yX7;i^x t Ft: F'^yy^ 7-^ b7;i/'r^b Fx 
;i:x;bt: F^yy^&^Ot: F-^yy^lx -^yyy •rV7 
yy:&^o7yy«. -^yyV;i/7y F:^H€)7yF 
40 m. -<y-tfyy7yxyAyay F^^^foy7yxyA 
^y^vy^yt: Fa4^y F*H^oy7yMt:'a-ft 

SS. 'lr^:;^7;W^y F:^^0't^:^;W^y bm 
;^ ^ y F H ^ :t ^ ^ :^ ^ y F Jl^ H o 
[0 0 6 5] (2 9) ^<D{^ 

7y{t7y^xyA. 7yfb-t by yA^Ho7y ft^i^ 

IS. 7-t bxby;l'^HtDxby;V^. 7^Fgtt^. ^ 
^F2SftK. xby F3^. ^^iyT^m. i^t^^T 

yii7y^xyA:&Ho 

[0 06 6] [C] ^SiaiuS2::LT:d;v.i?4^y;l/a^ 
50 W'T^igftSUtctXT'O (3 0) T^S (3 3) :b^$>^o 
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(3 0) 

T^vjvm. ^uh^m. ti^^>m. ^y^nag^ 

iy^xnuwm. hV^uuWm. •7;V:tafp®. S 

[0 0 6 7] (3 1) :^U:^;UxP>^*S 
-yzL^m. '^a>'^. N-W>'^^ "7^;!/ 

1, 2, 3-yP7'^>hU;^;l/^i<VK. i^ann/N io 

[0 0 6 8] (3 2) 7i<Ka4J.XT^Ot: Fn^->^y:^7 
2- 1: Fa^v-iS^. t:FPT^U;V^. tiFn^^e^^ 
a^i/XT^TUv^. 2, 4->?t: Fa:^e/gS§S^. 20 
[0 0 6 9] (3 3) 7j<iga4J;^Tot: Fa 4^ s/e^:^;!/ 

2- 1^ Fn4^^/:^^^>2it^. 2-b: Fn^^i/F-T^^ 
:^>2im t: Fa^>-y^^;l/^:&^\ 7j<^S;^2oW 

mr^^. 7j<KS^4owt-^t>o^bT. •xF'^tFn 

[0 0 7 0] [D] ^SiafeSi: LT;^7l/5Kj:i;l/a^:t' 
•r§m5fJ^LTty.T<0 (3 4) 7i;?g (4 1) :6^^^o 

(3 4) BiK3^7;I/T^^t:F*l 

"t'^i^F. ^y:;^^^;i/7;i'T^^i^ F. 7'^U;i/7';VT^^t: F. 

h>T;l/-rt: Fs i^na^-lr FT;!^-^ t: Fs >^^n 
ay-tr b7';l/T'ii F. y^^;l/^7n'^— ;K b Fa^^v-T 
-fe h7;l/T^^t: F. br;!/^^^!! F. D-^^U-trU 
;l/-r-*t: F. ;K y*lr^'-;K v^^aaT-lr^?— 

;l/^Ho 40 

[0 0 7 1 ] (35) mmm'rY^ym. 

T^V^y. x^;V;^ FV. 2-y^;W>':$?y 

V. 3~-^>^y>. 3-y^;i'~ 2-:/^y 4- 

3- ^y^?yy. 4-^7''^?y>^ e-y^^;!/— ^ 
V. e/Vyy^^;v^ by. t e r t -y'^;v 

;l/T4z h>. 1 -^PD- 2-7^07^7 V. 1, 1 -v^^ 
^aa-2~ya7Vy. t: Fa4^->y-fc: F v. >^tiF 
a^S-r-t h^^^o 50 
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[00 7 2] (3 6) #U:t^Vft-&«il 

F:S:2C)S>^43J:tf>tKU7;l'T't: Fm^ >>T-t^;K T-fe 
^;l/74z T-tr h^;l/7-fe FV:&H<?:)v'^:fecfctf^^°U 
tf;l/ If 71/7^1:: F. 4 --^^V^-y^-y— 

[0 0 7 3] (3 7) ^y-ym 

(3 8) ^Yt!)\y^^iym^^x}r)\y'f\i YtiJi^^^ymm 

4, 4, 4-hU7;l/:ta- 1 -7xr:;l/- 1', 3-7' 
2, 2, 6, 6-v"h^;'<^7l^-3, 5- 
^:f^yV:ir'y. If7l/lfv^. •^DVT;l/xl^FK^ T 

[0 0 7 4] (3 9) ^mmT)\^'r\i Ym^^xs^mm 

^vXyylz-r^b F. F;VZ;l/xliF. y:L:^)]/T^YT 
7l/'rb:F. v^>•:^i^7;^T^k: F^ x U7^?;Vy';l/'r t: 
F. ynF:^-r^77l/xt:F. T-feF^^n/v^ 
T*th7x7>. ^vyy^yv. i7anT^h7^y 
S/t: FP^>'^^/y^7j:7>'s 7a:— ;V^^lJ4"4='■9' 
-7^:&Ho 

[0 0 7 5] (4 0) ^y VW. 

o-^vy^yv. p-0'y^4^y>^v i-yv^yy. 

:^vt:FPv. 2, 6 -f^^^pp- p-^vy^4^y V. 

2, S-z/MYn^iy- p-~^z/V^yy. -rh-^tiF 

p^^s^-p-^^vy^^^y^/. 2. 3- 1 fp^^v'- 1 , 
4-^7 h4^y v^Ho 

(4 1) hP.:}^PVS 

bp^i^pv, 6 — ryy'ptf;^^p>i-^p>'^Ho 

[0 0 7 6] ^1 OXfMAT{^ffir^^<l77]/::^Utt5a 
mmit^ #M (fl^y;^^f> in (Cu) . ^^^^x-rv 

(W) . 7;^^:=:*^^ (A 1) m) 
<. 7b^'::)^M^«4»^^^:^7j<?g14m^bTMJgRltg 

\^±W^%% (3\7L\I^ m (Cu) . ^ly^'y.'r'y 
(W) . 7;V^x^A (A i) W) t)m\^l.tc'^mr(:f& 

[0 0 7 7] ^^^c. if^m\c^^w^m^i3^^(om2<o 
m 2 (onm B ti. ws^itMiM?^^a« 1 (D^m^m^c 
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[0 0 7 8] ^1 ©xsAT-^aii^rtifcSfi 1 a. s« 

SB tt« 2 ^^:^feA^t^5„ a«?5fc?^««2 © 
a« 1 <0SaMM%IIIte7~^~> 3 aSlf 3 bco 

m^tf^w^^n^. ^LT, M2<Dx@B©5aa7b^^T 
■rsfc. mmtfrnmrnrnm (ia4icmgi5i g^^y^ia 

So 

[00 791 ^2 (Dxs B TM^-r 5 w«{tsara-ffi 
1 ©^®ic^M«i|s|. (mtf. ^ (Cu) . ^ 

1/^:7.7-1/ (W) . T;l/5:r.«i7A (A 1 ) jb^SffiL 

[0 0 8 0] #«i:UTt±. *;i/*'>'^m^ffiffl-r5 
^:t7i»^T€^ i'a.'i^K^ UvrfK. vwv 

spTb^ i^mnt^'p^ < i: 1 1 j.:(±o{i:^%T7^ set 

S«l±^cii:. CMPJCJtoT. ^MgaSS 

ntjgfig?n«.7sy 7fli5 2 (t i) . ^{t^ 
^1/ (T i N) H) <iti?.<0A;i'3R>'^tSli*^ 

0 1 ~5««%(D7j<?§?isi;bTfaffl-r5ct*wsL 

[0 0 81] *«tt5aJli«fc^Ao-r54^l-- 

(K) , (C a) . (T i ) . §1 fC 
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u) . SIS (Zn) tm^&Jg^L^TV^^^^ U 7 

>'Egi^®? (EDTA) ^ h^i^T.-!, 2-i^^P^4^ 

(CyDTA) . --hUnbiJilP^ 
(NT A) . i/:i.i-]yi/V^)7^-:y^iy^wm. (DTP 
A) > N- (2-1: Fa:^^->x^;V) x^l^Vv'TSV 
-N, N' , N' -h'Jit^ (EDTA— OH) ^Ofk 

LT^ i5ffSL< 1 — 1 OOOOppm. L< 
;± 1 0—1 0 0 0 p pmfrSo 

[0 0 8 2] mz<DiM^X'mmt^mmm!^Kmm 

It. (cu) . ^v^'x-T^v (w) . 

r;!/^::^"^?^ (A 1) W) \t.nt ^m-Bs^ts^^s. < . ti^-O 

[0 0 8 3] :^*3. *^Sg(Om^T-a. SIS^CM 1 ©X 
II 2 ©XS B © W»lt«!M?Sl;: * 5«]®^^T•5 J^^lz: 

-3 T t ^ ^ Tb^s i2j.-r L t> c CD PIS -r s 

30 ©T-l±:fel/^o -r**?^. Hi ©X@Aa;l|2©XSBi: 

uttsassfc^s (^ij^t±\ ^ (c u) . ^vi'^xxv 
(w) . (A 1) W) ^c?fr2.®:fttt*^* 

[0 0 8 4] mc. ^^mic^^mwmyjmiDmscD 

©mapi 9ic<i:oT— liSj-roffli^snTigsoxgc© 
ie«!g?5fe^«si 2tcisA$n5o *fift^tc<fc5affi5a 
my^m^om 3 oxs c ■vmmt^m^mm^^m 1 2 
50 It. mmi^m^imr^im-^i 3t. s^t^i 3± 
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3 b i:. s« 1 (ommm^i^s-^t-^yy ^'tto^-v y ^ 

13. ISf^lfvl 3 bSt/^-t^y^'gPWl 4lcj:t)a« 
[0 0 8 5] 'gSSF&l 3l±. P3littlC}gfig$nTfc'»3. 

W&x^^ y 2 3*>W^?>tlTV^S„ **ffl©Jg.^t?li. 

m^""^ h 2 3 7b^2emic^jte.titt/^5^)\ s^ais^'i^ 
h 2 3 < 1 »mjj(±Sitnif<sv^„ 

[0 0 8 6] fS^^tfVl 3 b a, fi-ttOgPW:^)-'?.^!:). 

^^W& 1 <0»B^-jS-e5£itLT»S 1 (oaffifflijor^ 

1 4 14. a« 1 a:)nm\^Y^'oxmmkx i mm 

<yi7g|5*ti 4li. liPJUW (0?xii-r) iCckoT. n;^ 

M»T'^x-r {i«7b^ c. mi^x-^stim ^xmm^mx^ 
Atls a«i *'!«ittf>'i 3 b±tcigg^nstBacT 

i!ia^tl)^c»«l 1 3. «»fcryi 3 bRtf^ 

i'-y^gwi 4 tj;f:)@^$nSo «ift;>'i 3 

b Rni"-^ y ^$mi 4 ti. < t 3 Smj^iilStt 
[0 0 8 7] Sfc. ■Rlt^l 30Kffl!l4>i%mci±. ttSU 

ieitiigi!)#® (s^-^-f) icmm-^nx^'o. m^mi 
cf3.LNtcii. a« 1 (ommici^ifxmw&m.i^mm.w ic 

3^Dl^^^L^g|5^SJlbT«ffiragfe?^^i^^ 
f*i^ain2 4 b*^lS^$nTl-^S„^*3. IftSWl 5 0 
lll$Ei!ft±. 1 800~2000r. p. mCU^i^ 

[0 0 8 8] ^?!^fflMfrt«lt/X;i/ (®^igyX;u) i 

7 14. fgJSgilcJggt^nfcS^^SJgii? (H^s-ti-r) m 
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m.^/X)\y (®^SgyX;i/) 1 7«. ^ib«S« 

■T) o T^En F Rtf^En G ism^^Wi^^X'^ "0 . 

ui(o^m±#icmi'fxtsih^j:<mM'^n&x^^o ^ 

5 0 0 k H zJ.:^±©^jS^^ffifflRlt6T**tl. *l^iei<D 

mmxi,i. mwsmmLff^ 9 5 o r h z o^n^ r^fv- >v 

10 [0 0 8 9] Lfcif^X. aSl:6^H^$tlfdS^t#l 
3>&|Hllteffi«?© C^^-^-T) icX-oX^vyjJ&i (X 

i^yX;!/) 1 7 (<io«-&. Ifok) 

^•lir-r) ^mmtnii. mm. 1 <D^M^ia©jgT'i})jgs 

w-rnt4\ affii <o*B^®^t?e>^<?ft-itprigT-^ 
a^t4. a«i oatBfcfees-rscfc*^?). ?5Ktm# 

#t|&Eg2 4 aRt;S®S?5t?ff^!^f*lSmP2 4 b^frb 

[0 0 9 0] COi@^Jg?^ti#lCd;-3T. ^^#:'j73i/N|| 
©affil ±®^M@H^5 1 Icfg^-rs-T^V >y5^>'i''5 5 
■»?>©SI35 6 (08#M) fHlctSSim-^nfc/<--y^^i^)VR 

zf^m^m.'^m^mmi^m^'sjmx^ . a« 1 (d«« 
30 nm^mmmw^i^xm^m^t^±t^ctti^x'^^. s 

^mnvTc-mrnxmu i cD««ffiffiij:^tbTiiG7i<*^#t|g 

Sn. WMl±fJ:^igbTt/^5S^ig?t;#ffl?^l#:S:0"S 

(.c(om-t. m.7i<) ^mw^xmmhxmm-r^^bic 
j^*:)-»\^-^mim^ifm^ti^^<oicfSi-Dxi^^i]\ m» 
mm^mrn/ x?v 1 7 iE>¥i7mo:)m»mm^^tas. b 

40 T(itlfrsmi^j:bTt> 

[0 0 9 1] -^bT. »« 1 (DmmmmcMT^mm'' 

%Tt^ t . >foK(D«a*#ih b. im-^ 1 3 ^Rff^^ 

[ilfelc<J;Sja^L>;b-efRiSf$Hi-T^;^-r So cot^. Ill 
2 t^-r J; 1 <0*«ISat^bTe;jl^* 

50 [0 0 9 2] mSOXecoMSTb'i^T'rSi:, S«l 
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[0 0 9 3] iJ^^C. *|gB^^Cj;SS«5aJl73?S®Ma?tt 
mtc-:3(.^Ts EI 5 (a) SO" (b) ^#SgLTSiB^-r 

(b) It. :$immKii^mmfmyDm(D^m^mcM 

^m^mmmm c a t o m s / c mo ^^-r. 

[0 0 9 4] S-r. *^B^{CJ;^g«5!ia73jS©-'^-x 
-C^/Hc^-rsMa^amfci-DV-'TES (a) ^#MUT 

^ K'p:^<ti> 1 0 0 0 OiiW±«0''^ 

2 ofi&tf 6 omcis^L.T5aa^^fv^. ^jjtjtafp^ii: 
^mm<Dmmmmm.^ms (s p i ) ^fflv^Tsu^u 

fco S/ts 0 5 (a) a. ^1©XSA (W^7';I/::<7'J 
[0 0 9 5] ms (a) tC^-r J; -9 tc. S/mfilTM 0 0 

mAjbmm 3 ^oxs c T*-^ < ^ 2 0 

[0 0 9 6] :^mmc^:^mummyjm(D^m^ 
m-mcttt-^mmmc-oi^xms cb) ^^mMi^rm 

m (M^s^mm^m c c u ) o^mwM^ cuFic^iDm 

im (cu) xt^^ (Fe) ^nm-^'^Tct.cD^^n'e 

?Mtc4D^5-^5^fe^H#P^^#^ 2 0#&tf 6 0#tcf5^LT 
SOfH^fflX #?5ic^B#r^tc:fett§^il^MWMS (a t 
oms/cmZ) ;&^SW^7tX|i^^*lT^B- (T X R 

F) ^fefflt/^TpJ^LfCo ^fc. HIS (b) ti:. ^ 1 cDX 

[0 0 9 7] HIS (b) IC^sf^-^lC^ iU^ttTl. 0 
X 1 0 ^ J (atoms . c m^) ty. ±tOfSJg"efe *q TzM 
( C u ) ^i^'^Rlf 1 . 0 X 1 0 >2 (atoms c 
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m^) j;(±tD«ja7?^o/c^ (Fe) l/^-mt 

ir-oiimTnii. ^mmnm ( i . o x i o ( a t o 

ms/cm2) ) t>(TtC^T^{gTU ^H^F^T^l-^^it:^ 

[0 0 9 8] amm i ) ^-ki^s ^mEi^^^mmTj\y 
r^im^m^-oi^^rme (a) Rzime (b) :^^m 

l.xmmT^o me (a) *fg0^tc<fc^^«7;V:^ 

10 V '\tmm^m&v^m htcm^om ( c u ) 
t-^Msas^^s-rs. (b) ^mMi^^^mmr 

)\yijvwmm^m^ximLrcm^(Dm (Fe) mm 

mm. mmio'^^m^mmMm. (a t oms/cm^) 

[0 0 9 9] :fe4b\ ^M^MWSj*C>W^tia«*{* 

(v^un^^ (Si)) timmi^rz^o:> meic^i^^xB 

are ^gfH) Sr^Sffi^ftXtC^ftaS (S i O2) ^ 

Bf$.Lrct,(o meic^i^rs iOitmE) (ozmm 
20 (D8^>i^mm (^#^^3i/n) ^n-^^niiRi (c 

u) (me (a) ) ^i±Wi (Fe) me (b) ) ^it 

rmm^n^\ ^m^mm\^^if^^m^m.^mm. (a 
t oms/cm2) ^^Kmrny^xm^mmm (txr 

F) ^ffll^TSiJ^LfCo 

[0 10 0] S*r\ *5g0J^c<J;^^^7';l/:^Vtt5af5ii^ 
^#ffi-e<«fflLfcm^(?5* (Cu) J?^^c«*r^5(Q;S«!j 
StCOl/^T. 0 6 (a) ^#B§LTm0^t-^o 1116 
30 U) Ic^.'T^'^l^. WM^Xl . 0x10^2 (a to 

ms/cm2) i:i±(Dmmx&^tim (Cu) mm±. 

LTl/^^Tb^ m^. Sffi*^* (v'Un:/ (Si)) tm 
&Lrc (M6lZ.^\,^XB are ^^fB) 

4b\ me (a) Rtf (b) jc43i/^T. D. Lit. ^mm 

^(Detection Level) \:ATXS>^tciL 

[0 10 1] -73. ^^mic^^mmT}]ytiv^mmm 

40 :^m&xmmi^rcm^(DWi (f e) ^^^tc^f-r^saJi^A 

^tc'::)V^T. 1116 (b) ^#SgbTBi0Jt' HI 6 
(b) IC^T^^lC. WMUXl . 0X1 0*^ (a to 

ms/cm2)>X±OrSJgTfe«3fcg^ (Fe) mm±. 

Lri^^t\ mc. atg*{*x^c^{bBi (s i 02) ^ 
mmLTc (06tc4ov^Ts i oztmrn) umm^^i^ 

[0 1 0 2] i.rzf^^^r. :^mmc^^^m,TJ\^tjV'& 

50 Lx+^^r^m^i^imijm^n^i-'c tfft^t^^^o 
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[0 10 3] (.immz') 

(iii##>^x/N) ^£:i!>;fe< i: 1 0 0 0 0«LX±©^-t- 

<0SffiStl«4S« (SP 1) ^fflV^TSO^bfCo 
[0 10 4] 0 7{c^-r<t'5tc, *fg0^tc<J;5Wffi?';l/ 

[0 10 5] t-^t^*,. (j:bl5M 1 ) Rtf iitmm2) 20 

2 (DX^S B ti::feV^TW«ttMa?^ (xaWffi7;p* u 

ttiaa^i tci 1 ©xsAT^aaLfcais i ^cmt 
[0 10 6] *|gB^t<k;swa7';i'*Utt&a)« 30 

st>"*«ttMa?^t±. #M m^ii. m ccu) . 

(W) . T;V5-«^7A (A 1) ^ icjtrs 

[0 10 7] *fSBile:J;;g,»;Kma*Sl±> H 

3tDiecic*5v^r. ii2(Dx@BTiaaLfca«nc 40 

TM A TbM^ 3 ©Xg C ^-M L T fi^ s 1 <D?t 

[01] *|gB^^cd;§a«5aa^^ox@>&^^•r7D- 
[BI2] *^B^ij:j;5Sis5D.a7j?s©5aaxg;&^v-ria so 
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[0 3] *5gB^icj;:sa«saa73ST'^^ffl-ri.a«gt}* 
[1^4] *^B^jcj:?,sffi^a:&ST'ffiffl-rsMWJS^ 

[0 5] (a) i±. *?gBafc<fc5a«®a:^?sc^-^-7" 
m. iimff^^-'r^i^jvom^^^^t. (b) 

(a t oms/cm^) ^^'^o 

[0 6] (a) *f8HHtd;?.*«7;l/*'Jtttoaffi 

^w*-r{Sfflbfc«'&€iSB (cu) i^^fcM-r^^aa^ 

a^g^'TS^ (b) 14. *|gB^tcj;5W^ST;V;^UttM 

a?«^*»-effifflLfc«-&(DSfe (Fe) f^mcierr:s>m 

if^m^mn^mm (a t oms/cm^) ^^fo 
[0 7] *^B^fc 5 ««IKtt^!!iaM. *^T;V;*7 U tt 

5aamo*M7j<^«-^#?4-e{gfflb;?£*&<D>'^-7^f 
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